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PREFACR 



This little book is intended to meet a want which the author has 
felt for many years, namely, that of a manual dealing concisely yet 
comprehensively with the subject of Fuel, and holding a place 
between such exhaustive treatises as those of Dr. Percy and Dr. 
Mills and Mr. Rowan and such brief outlines of the subject as may 
be found in manuals of Metallurgy. 

The importance of a study of the subject, not only to the metallur- 
gist but also to the engineer, can hardly be overestimated. Yet 
it has been very much neglected, and there are few books deal- 
ing with it at all completely in suitable compass. This book is 
intended mainly for the use of students, but the author has also 
kept in view the requirements of engineers and others who need 
information on the subject for practical purposes. For the con- 
venience of these, British Thermal Units and Fahrenheit degrees 
have been used throughout, though Centigrade equivalents have 
almost always been given. 

This is not the place to enter into a disciission of the best system 
of units, but as the British system — with all its theoretical ab- 
surdity — answers the purpose very well, and is still universally 
used in this country in practice, the writer of a technical manual 
is almost bound to adhere to it. 

The author's thanks are due to very many friends for private 
information, and for drawings from which some of the illustrations 
are reproduced, as also^Jx> Jtbe councils of several Rcientific societies, 
the editors of technical JLOitfnai?^ ^nd firms of pubJishers, for permis- 
sion to use illustrations from their respective publications. Every 
care has been taken that thje^ source of these should be acknowledged 
in the proper place. The atithor fials «lsc; ^ 'thank his assistant, Mr. 
John Buchanan, for mucJi general hblp. That the book is not all 
that could be desired he ia painfully aware, but he hopes that it 
will be of real use to those for whom it is intended, and that it may 
to some extent fill an existing void in technical literature. 

Glasgow. 
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CHAPTER I. 

COMBUSTION. 

Combustion, — Heat is required in almost all metallurgical 
operations, and is always obtained directly or indirectly by 
the combustion of substances called fuels. A consideration of 
the phenomena of combustion and of the nature and methods 
of using fuel is therefore essential as an introduction to the 
study of metallurgy. 

Chemical combination is almost invariably attended with 
the evolution of heat, and when this is sufficient to raise the 
combining bodies or the products of combination to the tem- 
perature at which they evolve light, combustion is said to take 
place. Combustion may therefore be defined as vigorous 
chemical combination, attended with the evolution of light. 

In practice the combination is always between a combustible 
or fuel and the oxygen of the air, which is therefore said to 
support combustion. 

Conditions which favour Combustion. — In order that 
combustion may begin, the fuel must be brought in contact 
with the air, at a suitable temperature; and in order that it 
may continue, this temperature must be kept up, a supply of 
oxygen must be maintained, and the products of combustion 
must be removed. 
As a rule, the larger the surface of the coTa\>u^\A\A^ m ^ow- 
tact with the air, the more readily will combwstioii \;a\!La ^^e.^^^ 
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and as gases, by the mobility of their moleciJes, allow of the 
largest possible amount of contact, they, if combustible, usually 
burn very readily. 

If a combustible gas be allowed to escape from a tube into 
the air at a temperature at which it will burn, combustion 
takes place with great facility ; for as the gas comes into the 
air diffusion takes place, the gas molecules are brought into 
close contact with the oxygen molecules, and they combine, 
forming a zone of combustion surrounding a core of gas, and 
thus producing a flame. 

If a combustible gas be thoroughly mixed with air and a 
light be applied, combustion takes place almost instantly 
through the whole mass, travelling very rapidly from particle 
to particle ; heat is suddenly evolved, great expansion results, 
and an explosion of more or less violence takes place. 

Liquids do not burn readily in mass, for the air cannot 
penetrate them, and there is therefore only contact at the, 
comparatively small, surface of the liquid. There are apparent 
exceptions to this, due to the fact that most liquids are volatile, 
and combination therefore takes place near the liquid surface, 
between the vapour and the air. If a combustible liquid be 
broken up into a fine spray by a steam or air jet, it will bum 
almost exactly as if it were a gas, and will form an explosive 
mixture with air. 

Combustible solids usually burn readily when in pieces of 
such a size as to allow ready access of air, and at the same 
time expose a large surface of contact. If the lumps be too 
large the contact surface is too small and combustion is 
hindered, and if the substance be in a powder the air will be 
unable to penetrate, and therefore there will still only be a 
small surface of contact. If a finely-powdered solid fuel be 
projected at a high temperature into air, it burns very rapidly, 
almost exactly in the same way as a gas, and such a powder 
may even form an explosive mixture with air. It is quite 
certain that many colliery and other explosions, if not entirely 
due to, are at any rate very much intensifted by l\v^ -^x^-aewefe 
ol coal or other combustible dust in the air. 
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Many examples of the influence of contact surface are 
familiar. A piece of charcoal of large size will bum readily, 
because being very porous air can find its way into it, and 
thus provide a large contact surface, while a large lump of 
anthracite, not being porous, will hanlly bum at all. Paper 
and wood-shavings are employed to light a fire, though they 
have almost the same composition as the wood, because, owing 
to their thinness, they expose a large surface to the air, and 
ignite readily. These and such materials as light fabrics are 
very combustible, but books in which the paper leaves are 
pressed closely together, and bales of fabrics, are very difficultly 
combustible; and when a warehouse has been burned, whilst 
all the loose goods are destroyed, it is quite common to find 
bales of the same materials only singed on the outside. Heavy 
beams of wood make fireproof floors, and saw-dust or coal-dust 
thrown on a fire will often extinguish it. 

Proportion of Combustible. — In order that combustion 
may take place the combustible and air must be present in-^ 
within certain limits — definite proportions. This is not so 
noticeable in the case of solid or liquid fuels, or of gas burned 
in a flame, because, owing to the circulation set up in the air, 
the proportions to some extent adjust themselves. It is, how- 
ever, well seen in the case of mixtures of gases. If coal-gas 
and air be mixed in certain proportions a violently explosive 
mixture results; but there may be a large quantity of gas in 
the air, enough to be detected by the smell and to produce 
chemical and physiological effects, and yet the mixture will 
not explode on applying a light. The presence of a large 
quantity of inert matter in a fuel may much hinder or even 
prevent combustion, whilst the presence of .a comparatively 
small quantity of carbon dioxide in the air will prevent it 
supporting combustion. Professor Clowes has recently shown 
that air which contains about 4 per cent of carbon dioxide, the 
oxygen being reduced by a like amount, will extinguish ordi- 
nary combustibles, such as candles or oil ftam^a^ "^^t^-^^ssi* 

' J. S, C. /., VOL xiv. p. 846. 
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must be mixed with about at least '75, and not more than 14*7 
times its own volume of oxygen to form an explosive mixture.^ 

Temperature of Combustion. — For combustion to take 
place a certain temperature, varying with the nature of the 
combustible, is necessary. A mixture of hydrogen and oxygen 
in explosive proportions will remain inert for any length of 
time until a portion of the mixture is raised to about 1 200" F. 
(650" C), when ignition will at once take place. Coal-gas 
ignites in air at a bright red heat. Many of the metals are not 
acted on by dry oxygen at ordinary temperatures, but if they 
be heated to redness some of them burn, as in the case of 
magnesium, with great brilliance. On the other hand, phos- 
phorus ignites at such a low temperature that for safety it is 
always kept under water or otherwise protected from contact 
with the air, and some substances have such affinity for oxygen 
that they take fire on coming in contact with it. 

The temperature at which combustion can take place varies 
also with the condition of the combustible. Lead and iron can 
be obtained in such a fine state of division that they take fire 
spontaneously in air at ordinary temperatures. - 

Continuous Combustion. — In some cases when a sub- 
stance has been ignited it will continue to bum, in others it 
will go out as soon as the external source of heat is removed. 
This depends on the relationship which exists between the 
heat evolved by combustion and the temperature of ignition. 
If the heat evolved be sufficient to maintain the temperatui*e 
above the ignition point the combustion Avill continue, if not it 
will cease. 

Combustibles and Supporters of Combustion. — 

The fuel or substance which burns is usually called a com- 
biistible, and the oxygen of the air is called a supporter of 
combustion. These terms, though convenient, are not strictly 
correct, except in so far as they indicate an accident of position. 
Combustion is a mutual action in which both substances play 

^SeeJ. S. C. J., vol. xUL p. 1155. 
^22ie8e&ie powden mt^ be allotropic modiftcationa ol lYie me\»\a. 
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an equal part, which being combustible and which supporter 
of combustion depending on circumstances. When a solid 
combines with a gas, the gas surrounds it, and is therefore 
regarded as a supporter of combustion. When a mixture of 
a combustible gas such as hydrogen, and air is exploded it is 
impossible to say that either is the combustible rather than the 
other; but when gas is burnt at a jet the flame is surrounded 
by the excess of air, which is therefore called a supporter of 
combustion. It is quite simple to arrange experiments so as 
to bum air in coal-gas or oxygen in hydrogen, and thus reverse 
their usual positions. 

Complete and Incomplete Combustion. — All -com- 
bustibles in common use are composed chiefly of carbon (C), 
usually combined with hydrogen (H), oxygen (O), and some- 
times small quantities of other elements, but the carbon and 
hydrogen -are always the valuable constituents. 

When a combustible burns, the combustion may be either 
complete or incomplete. It is complete when all the com- 
bustible constituents are oxidized to their highest state of 
oxidation, and it is incomplete when any fuel is either left 
unconsumed, or passes away combined with less oxygen than 
the maximum with which it is capable of combining. 

In the case of hydrogen, there is only one compound that 
can be formed — water, Hg O; and therefore, if the combustion 
be incomplete, some of the hydrogen must remain unconsumed. 

In the case of carbon, the highest state of oxidation is 
carbon dioxide, COg; but there is also another oxide, carbon 
monoxide, CO, which contains, for the same amount of carbon, 
only one-half as much oxygen. When carbon is incompletely 
burned, therefore, either carbon may be left unconsumed, or 
carbon monoxide may be formed and pass away with the 
products of combustion. Both carbon dioxide and carbon 
monoxide are colourless gases, so that it is often not easy to 
decide whether combustion is complete or not. 

The combustion oi carbon commences at a cotq?5^x^\an^^ 

/ow temperature; at about 752° F. (400"" C^ t\ift ^tq&xxrX, S& 

aJmost entirely carbon dioxide; as tlie tem.pera\.\a^ to.^\Xi^ 
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rate of combustion increases, and the proportion of carbon 
monoxide formed increases till, at 1832° F. (1000° C.\ the 
product is almost entirely this gas, which, if the air supply be 
sufficient, is rapidly burned to carbon dioxide. It is for this 
reason that carbon at low temperatures simply smoulders, 
whilst at very high temi)eratures it burns with a flame. 

The combustion of hydrocarbons is much more complex. 
If the combustion be quite complete, the products are water 
and carbon dioxide; but if it be incomplete, what products 
will be formed depends on circumstances. Many hydrocarbons 
dissociate or split up into simpler hydrocarbons with separation 
of hydrogen, as, for instance, ethylene, C2H4, which gives 
hydrogen and acetylene, C^ H.^. The hydrogen burns to water, 
and the acetylene, partially escaping as such, imparts a most 
unpleasant odour to the products of combustion of incom> 
pletely-burnt hydrocarbon gases. The carbon will be burned 
to carbon dioxide, or a mixture of this and carbon monoxide. 
Under some conditions carbon may also be separated by dissoci- 
ation in the solid form as soot. 

Incomplete combustion of any kind always means consider- 
able loss of heat. 

Conditions of Complete Combustion. — In order to 
ensure complete combustion, three things are essential: the 
air supply must be sufficient, the air must be brought into 
intimate contact with the fuel, and the temperature must be 
kept up to ignition point until combustion is quite complete. 
Either insufficient air supply or too rapid cooling are the usual 
causes of incomplete combustion. 

Flame. — Fuels burn in very different ways. Some, as, for 
instance, charcoal, at low temperatures, burn with a glow, 
evolving but little light; others, such as the metal magnesium, 
burn with a very brilliant light, but with no flame; others, 
like hydrogen, burn with a non-luminous flame; and lastly, 
some, like -coal-gas, burn with a bright luminous flame. All 
combustible gases — and gases only — burn with a. ft».\xvei. Tk^x^ 
are some apparent exceptions to tliis, but t\xey axe^ otX^ ^y5»*"- 
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rent; and whenever a solid or liquid seems to bum with a I 
flame, it is because it is converted into gas either before or I 
diuing combustion. "Flame ia gaa or vapour, the surface o( | 
contact of which ivith the atmospheric ftir is burning with the \ 
emission of light" (Percy). As combustion only takes placs | 
at the surface of contact, the flame must be hollow, 

A simple flame is one in which there ia only one pniduct of 
combustion, and compound Hamcs are those iu which there 




are two or more. Almost all tiames used in the arts are 
compound, the only examples of simple flames being those 
of hydr'ogen and carbon monoxide. 

Simple Flame. — As an example of a simple flame a jet 
of hydrogen burning in air may be takoo. As the hydrogen 
escapes from the jot it displaces the air and then diffuses into 
or mixes with it, and in the space where the gases mix com- 
bustion takes place. In the centre of the flame, therefore, 
will be a core of unburnt gas, outside will bo the air, and 
between is the zone of combustion, or the ftame. 

Compound Flames. — With compound Barnes, 'Oat 
ftioDa are much more complex, and it ia oiUn "~ 
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determine the exact changes which take place. The compound 
flames of most practical importance are those obtained by the 
combustion of various hydrocarbon gases. The fuel may be 
used in the form of gas from a burner, in the solid form as 
a candle, or in the liquid form as in the case of the burning 
oils. In the last two cases the combustible is drawn up by 
the wick by capillary attraction, gasified by the heat evolved 
during combustion, and the gas is burned; indeed candles 
and lamps may be, regarded as combined gas producers and 
burners. 

The structure of a compound flame is much the same as that 
of a simple one. In the centre is a core of unbumt gas, out- 
side is the air, and between the two is the zone of combustion 
or the flame; but this zone is much more complex than in 
a simple flame, the combustion in the inner portions being 
usually incomplete. 

Luminosity of Flame. — Most of the flames produced by 
hydrocarbons are more or less luminous, and the cause of this 
luminosity has given rise to a vast amount of discussion. 
Clearly the luminosity is not due to temperature alone, for 
a hydrogen flame, especially when formed by a mixture of 
hydrogen and oxygen, is intensely hot, but almost non-lumin- 
ous ; and it is quite possible to biu'n coal-gas, e.g. in the Bunsen 
burner, in such a way as to give a very hot, but non-luminous 
flame. 

Davy suggested that the luminosity of flame was due to the 
separation of particles of solid carbon by incomplete combus- 
tion within the flame, which, being heated to intense white- 
ness, evolve light. This theory has been generally, accepted, 
and in its favour many facts may be quoted : — 

1. If solid matter be introduced into a hot, non-luminous 
flame light is evolved. A cylinder of lime, for instance, placed 
in an oxy-hydrogen flame gives the brilliant lime-light; a 
mantle of zirconia, suspended in a non-luminous Bunsen flame, 
is the Welsbach incandescent burner now so largely used for 
illumination purposes. 

2, If a cold surface be held in an ordinary luminous flame 
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it becomes covered with a black deposit of solid carbon or 
soot. 

3. Many substances which burn with the formation of solid 
products of combustion, i.e. magnesium or zinc, give an intense 
white light. 

4. Luminous flames when examined with a spectroscope 
give a continuous spectrum. 

5. When sunlight is reflected from hydrocarbon flames, it is 
polarized exactly in the same way as light reflected from solid 
carbon particles suspended in air. 

On the other hand, Frankland contended that — at least in 
many cases — luminosity was due to the presence not of solid 
particles but of very dense gases or vapours. In support of 
this view it may be urged: 

(1) That the luminosity of many flames is much increased 
under pressure, even a flame of hydrogen becoming luminous 
at high pressures, and that under reduced pressures the lumi- 
nosity of ordinary luminous flames is much reduced. 

(2) That many substances, e,g, phosphorus and arsenic, bum 
with a very luminous flame, though at the temperature of 
combustion the products are gaseous. Hydrogen produces 
water having a vapour density of 9 (H = 1), and the flame is 
non-luminous. Phosphorus produces phosphoric anhydride, 
P2O5, having a density of 72, and the flame is luminous; and 
arsenic, which produces arsenious oxide, As^Og — vapour density 
198 — also burns with a luminous flame. Therefore whether 
the flame will be luminous or not seems to depend on the 
density of the products of combustion. 

(3) Soot is not pure carbon, but always contains hydrogen; 
and further, the fact that soot is deposited does not prove that 
it existed as such in the flame, as it may have been produced by 
the decomposition of dense hydrocarbons present. 

(4) Gases under great pressure give much more complex 
spectra than under ordinary conditions, becoming banded, and 
ultimately tending to become continuous. 

For these reasons it has been urged that luminosity of 
ordinary hydrocarbon flames may be due to the presence of 
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very duiiae liydnxairlwns, which under siiiUblo conditions split 
Up into i-arlxm and hydrogen * or light hydrocarbons, which am 
then Ixinied. | 

Profs. Lewes' and Smithells' Researches.— ProfessorB 
V. B. J^pHL's iiml A. Sniilhells hnve recently inTestigated the 
(jiicstion of the luniiiioaity of coal-gag 
iind similar fliimea, and whilst their work 
('i)tilirau) the view that the luminosity is 
diiLi to separated cartmn particles, it has 
Llinjwri fresh light on the reactions witliin 
the Hume iiy which these are sc]>arated 
and the conditions under which huninr 
osily can be produced. 

I'rof. SmithellB doscribea' the struc- 
turo of an ordinary luminous gas flatno 
as consisting of four parte, which, for 
cmn-enience, may Iw taken in the inverse 
order to that in which they arc given 

(i) A dark inner core or region, con- 
sisting principally of unburned gae, 
mingled with some products of combus- 
tiiiri which have diffuswi in from the 
surrounding parts (y), 

(3) A yellow luminous portion, marl^. 
Tig. »-ri,ti<iiu Fi.mt. iig '-''B region in which hydrocarl 
are undergoing decomposition, 
producing the dissociation being largely derived from tl 
outer zones (a). 

(2) An inner light-blue portion, visible at the base of the' 
flame (d) ; and 

(1) An outer sheath or mantle (b); those parts (I and 2) 

corresponding to the outer and inner fiaine-cones of the Bimsen 

burner, and marking the region where the gaa is undergoing 

combustion in presence of excess of air.- 

The explanation which has UBna\ly been ^vevi oi ^Jie 

iJ.S. c. i., vol. X. i>. BM. 
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mena of a flame is something like this : The gas coming into 
the air is at first mixed with only a very limited supply of air; 
the hydrocarbons cannot be completely burned, therefore the 
hydrogen bums, forming water, and the carbon is liberated and 
heated to mcandescence by the heat evolved by the combustion 
of the hydrogen. 

This description has been shown to be incorrect in at least 
two points: (1) the order of combustion, and (2) the source of 
the heat. 

1. The hydrogen does not bum first, in the case of methane at 
any rate ; the reaction being, as pointed out by Dalton, C H^ + 
20=00 + H2O + 2H — ^water, carbon monoxide and hydrogen 
being thus formed. But as carbon monoxide and water can mu- 
tually decompose each other, CO + HgO = COg + 2 H, a further 
reaction may take place till the system attains equilibrium, the 
conditions of which, "according to Dixon, are expressed by the 

C O X H O 

coefficient -z=r-pz — -^ = 4. This is subject to certain conditions 

of temperature and dilution. "^ These reactions, however, pro- 
bably take place only to a small extent in the inner luminous 
part of the flame. 

The source of the heat, therefore, is to be looked for not 
altogether in this partial combustion, but to transmission from 
the outer zone, where the temperature is very high. 

2. The constituent of coal-gas to which the luminosity is mainly 
due is ethylene, Cg H^, and perhaps some of its higher homo- 
logues. This at high temperatures (1472-1832° F.) splits up, 
yielding acetylene and methane, 3C2H4 = G2H2 + CH4, the 
acetylene then polymerizing into more complex hydrocarbons. 
At higher temperatures (above 2132° F.) no polymers are 
formed, but only acetylene, and at that temperature methane 
also dissociates, yielding acetylene and hydrogen, 2CH4 = C2H2 
+ 2H, so that all the hydrocarbons present will have split up 
into acetylene and hydrogen. At still higher temperatures 
acetylene itself splits up into carbon and\iydtogeiW^\)ci\^0^^\v^ 
taking place at about 2430° F. 

^./. i9. c. /.,vol. X.P.W4. 
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The various hydrocarlwns, as is well known, bum with very 
different degrees of luminosity. The flame of methane, C H^, 
is very slightly luminous, that of ethylene, CgH^, is more 
luminous, whilst that of acetylene is intensely brilliant. That 
the luminosity is not due merely to the amount of carbon 
which the combustible contains is shoiivTi by the fact that in 
equal volumes of gas ethylene and acetylene contain the same 
weight of carlmn, whilst l>enzene, C^Hg, which burns with a 
luminosity much inferior tf> thtat of acetylene, contains, in the 
gaseous condition, three times as much carbon. 

Neither is the luminosity due to temperature alone, as has 
been already shown. 

It is now possible to form some idea of what actually takes 
place in a luminous gas flame. The inner blue core must be 
rcganled as altogether un]>urned gjis, for in it no combustion 
is tiiking place, but the temperature is rising, much heat being 
received by radiation from the outer zones of the flame, and 
the hydrocarbons ])eing to some extent dissociated. As the 
temperature rises, dissociation Uikes place to a greater extent, 
till all the hydrocarbons, or nearly so, are converted into 
acetylene, and then the acetylene itself undergoes dissocia- 
tion. This dissociation evolves heat, and at once brings the 
separated carbon up to vivid incandescence. As the products 
of these reactions pass outwards they are ])umed, the tem- 
perature therefore rising to the edge of the flame, and the 
combustion is completed in the very hot but feebly luminous 
mantle. 

The luminosity, therefore, seems to depend not so much on 
the actual amount of carbon contained in the gas, or on the 
temperature, as on the readiness with which the gases pre- 
sent form acetylene or some other hydrocarbon which will 
similarly dissociate. 

The luminosity of an acetylene flame is much reduced by 

the admixture of other gases, even though they themselves are 

combustible and evolve a large quantity of heat; as, for instance, 

hydrogen and carbon monoxide. The preaencft oi sv3lg\^ ^^je.^'^ 

not only reduces the iiuninosity of t^" vcmow^^ 
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raises its dissociation temperature, which is the point at which 
luminosity begins; thus — 



Percentage of 
Acetylene. Hydrogen. 
100 ... 


Temperature of Lnminodty. 
1436** F. 


90 ... 10 


1645 


80 ... 20 


1832 


10 ... 90 


3092 



Non-luminous Combustion. — If coal-gas, or any other 
gas which usually gives a luminous flame, be burnt in such a 
way that excess of oxygen penetrates into every part of the 
flame, and the acetylene burns before it can undergo dissocia- 
tion, the flame will be non-luminous. Thus, if a gas flame be 
turned very low it is non-luminous, so also is candle flame 
wheh the wick is very short. The best means of obtaining a 
non-luminous flame is the Bunsen burner. 

The Bunsen Burner. — This burner consists of a tube, 
usually about f" in diameter and 3 J" long, though the size 
may be varied within "W^de limits. Gas is admitted to the 
bottom of the tube, and just above the jet by which the gas 
enters are holes for the admission of air. The air mixes with 
the gas, and the mixture burns with a hot non-luminous flame. 

"When a Bunsen burns under normal conditions it has a 
bluish central zone, but if the air supply be largely in excess 
of that required for non-luminous combustion, the flame 
becomes smaller and fiercer with the formation of a green 
central zone."^ 

The cause of the non-luminosity of the flame has usually 
been attributed to the more perfect combustion of the hydro- 
carbons due to the excess of oxygen in the interior of the 
flame. Professor Lewes has shown that this is not by any 
means necessarily the case, as nitrogen, carbon dioxide, and 
other inert gases also prevent luminosity, dilution, as already 
remarked, very much retarding the dissociation of acetylene, 
and therefore the production of luminosity. l\i \a \Ito& ^S!v»^\^w 
wlijcli 18 generally efficient in preventing \umnft«vfc^ \w 'Oaa 

^ V. B. Lewes, J.S.C.I., 1802, p. ^1. 
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'* Bunsen "; but if the air supply be too large then oxidation 
takes place rapidly, and the inner cone changes in appearance. 
The teni[)craturc of the flame is a little higher when the diluent 
is air than when it is nitrogen. 



J inch al)ove burner, ... 




Air. 
64''C. 129"^ 


Nitrogen. 
30"C. 86°F. 


' a ♦» »» »» • • • 




176 


347 


Ill 


231 


Tip of innur cone, 




1090 


1964 


444 


831 


('entre of outer cone, 




ir»33 


2791 


999 


8630 


Tip of outer cone, 




1175 


2147 


1161 


2104 


Side of outer cone level 


with 










tip of inner cone, ... 


• at 


1333 


2334 


1236 


2276 



If. the supply of air ])e too small then a luminous point 
appears at the tip of the inner cone. 

It does not follow that because the flame is non-luminous 
that combustion is complete; it frequently happens that the 
ingress of air has (tooled the gases below ignition point, and 
not " inconsiderable portions of methane, carbon monoxide, 
acetylene, and even hydrogen escape unburnt", both from 
non-luminous and luminous flames. 

Professor Lewes thus desci'ibes the structure of an ordinary 
luminous flame, and the actions which render it non-luminous 
in the Bunsen : — 

" 1. The inner zone, in which the temperature rises from a 
comparatively low point at the mouth of the burner to about 
1000' C. (1832°F.) at the apex of the zone. In this portion of 
the flame various decompositions and interactions occur, which 
culminate in the conversion of the heavier hydrocarbons into 
acetylene, carbon monoxide being also produced. 

" 2. The luminous zone, in which the temperature ranges 
from lOOO** C. (1832° F.) to 1300° C. (2372° F.). Here the 
acetylene formed in the inner zone becomes decomposed by 
heat with liberation of carbon, which at the moment of separ- 
ation is heated to incandescence by the combustion of the 
carbon monoxide and hydrogen, thus giving luminosity to the 
flame. 

"c5L The extreme outer zone. In this pxt oi \\vek ^ama. \>a^ 
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combustible gases meeting air, combustion takes place, making 
tbis tbe bottest part of the flame; but towards the outer part 
of tbis zone, combustion being practically completed, the cooling 
and diluting influence of the entering air renders a thin layer 
of tbe flame non-luminous, finally extinguishing it. This 
description of a luminous flame is of necessity far from com- 
plete." 

" The various actions which tend to cause the loss of lumin- 
osity in a Bunsen burner may be summarized as follows : — 

" 1. The chemical activity of the atmospheric oxygen which 
causes loss of luminosity by burning up the hydrocar]K)ns 
before they, in their diluted condition, can afford acetylene. 

" 2. The diluting action of the atmospheric nitrogen, which, 
by increasing the temperature necessary to bring about the 
partial decomposition of the hydrocarbons, prevents formation 
of acetylene, and in this way will by itself cause non-lumin- 
osity. In the noimal Bunsen flame it acts by doing this until 
destruction of the hydrocarbons by oxidation has taken place. 
"3. The cooling influence of the air introduced, which is able 
to add to the general result, although the cooling is less than 
the increase in temperature brought about by the oxidation 
due to the oxygen of the air. 

" 4. In a normal Bunsen flame the nitrogen and the oxygen 
are of about equal importance in bringing about non-luminosity; 
but if the quantity of air be increased oxidation becomes the 
principal factor, and the nitrogen practically ceases to exert 
any influence." 

The amount of air supplied to the ordinary Bunsen is quite 
insufficient to support combustion ^dthout the air outside. 

Propagation of Flame. — If a long glass tube, closed at 
one end, be taken and filled with an explosive mixture, say of 
coal-gas and air, and a light be applied at the open end, the 
flame will run down the tube with a definite and usually mea- 
surable speed, combustion not taking place instantaneously, 
but the ignition being transmitted from mcA^exvlei \ft TciQ\a^\3l<^ 
ae a comparatively slow rate. The speed at -^XivJci \!w^ ^^\ssfc 
travels is called "the speed of propagation oi t\\fe ^?yss!L^'\ ^\^^ 
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combustion thus taking place has ])cen called an "explosion of 
the first onler ''. 

If, instead of a close<l tul)e filled vrith gas, a tube open at 
]M)th ends Ikj used, and the mixture ])e made to flow through it 
— if the gas ])e lighted so that the ignition has to travel in the 
opiHmite direction to that in which the gas is flowing, its speed 
of transmission will Ikj reduced, and will ]>e the difference be- 
tween the speed of projiagation <ind the rate at which the gas 
is flowing, if the fonner be greiiter than the latter. If the rate 
of flow of the gjis 1)0 very slightly in excess of the speed of 
propagati(»n of the ex[)losion, the flame will remain just at the 
mouth of the tube, an<l if it ])e much grwiter there will be a 
inon^ or less long flame. Deville mmle a series of most inter- 
esting experiments on the rate of propigation of flames, and it 
is to his work, a!i<l tliat of I'unsen, that we owe most of our 
ktiowledge of tlie sul)j(Mt. He burnt a mixture of two volumes 
of <*ar]M)!i mo!ioxi(le an<l one volume of oxygen — the gases 
therefore being almost (exactly in the propoi*tioTis required for 
r(mij)l(}te coniliustion — at a jet having an area of 5 square milli- 
metres. A flame 70 to 100 mm. high was formed, which con- 
sistiMl of two j)ortions, an inner cold core, 10 mm. high, and an 
outer flame zone. It is obvious that in this case the inner 
core was not duo to the absence of oxygen for combustion, but 
to the fact that the gases were travelling forward at such a 
speed that the ignition could not travel backwards, and ignite 
the mixture in the tube; and no doubt had the rate of flow 
})een diminished the flame would have grown smaller and ulti- 
mat(}|y lighted back. 

When a light is applied to an explosive mixture, an explosion 
usually takes place, the violence of which depends very largely 
on the speed at which the ignition is propagated. Bunsen 
found that in the case of a mixture of two volumes of hydrogen 
to one of oxygen the flame was propagated at the rate of 34 
metres (37 yards) per second, the velocity being much reduced 
by the presence of inert gases. With marsh-gas (CH4) and air 
the greatest velocity was '56 metres (22 inches^ pet »wioxv^ «sA 
this was attaij2ed with a mi^ ' "^Amn© oi ToajreV^a X» 
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Lglit and a half volumes of air, a mixture which contains less 
xygen than is required for complete combustion. A flame 
vitb. a velocity of about four and a half metres (4*9 yards) 
3er second will pass through the wire -gauze ordinarily used 
for safety-lamps. 

Explosion. — If an explosion takes place its violence, as 

remarked above, depends on the rate at which the ignition is 

propagated. If it is in a closed vessel, vibrations may be set 

up which will enormously increase the speed of propagation of 

the ignition, sometimes bringing it up to many hundred feet 

per second. Explosions of this kind are called by Wright 

" explosions of the second order ", and it is to them that most 

of the damage done by explosions is due. 

Dissociation. — Kef erring back to Deville's flame with a 
mixture of carbon monoxide and oxygen, the fact that the 
ignition takes time to travel explains why the flame does not 
run back down the tube, but it does not explain why it spreads 
itself out into a flame of the ordinary form instead of at once 
igniting when it is released from the tube. This is due to 
dissociation. 

The products in all ordinary cases of complete combustion 
are carbon dioxide and water, these being formed by the com- 
bustion of carbon, carbon monoxide, and hydrogen. If carbon 
dioxide and water be heated sufficiently strongly they are split 
up or dissociated into their constituents, water being broken 
up into hydrogen and oxygen, and carbon dioxide into carbon 
monoxide and oxygen. It is quite evident that if hydrogen 
and oxygen, or carbon monoxide and oxygen, be brought 
together at a temperature higher than that at which this 
dissociation takes place, combination will be impossible, and 
therefore there can be no combustion. 

If a mixture of hydrogen and oxygen be inclosed in a strong 
vessel and exploded, from knowing the heat which will be 
evolved on combustion it is possible to ca\c\x\?L\)^ \Xi^ Y^^'Sis^x^ 
wiicA the steam formed should exert. W\ieiv \\i^ ei?L^^T\\s^RX>J^ 

Ways found that the pTeaaure ^tcAxvc^^Ss^V,'^^ 
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than the theoretical nmnunt. The reason for this is: that 
com] limit ion in not instantaneous. As it progresses the tem- 
{Kjnitnrc Hues till tho dissociation point is reached, when it can 
go no further, for this is the maximum temperature at which 
comliiiHtion is jHissihlo. As hoat is lost by radiation, the gases 
cuol and further combination takes place, and so on till com- 
biiHtiim is complete. 

hevitle's experiment with tho carbon monoxide and oxygen 
fljinic ilhwtniti^s this very well. He carefully took the tempera- 
turiM of all jNirts of the flame, and the results are recorded in 
the bilile. 
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These figures at once explain the whole phenomena. As 

soon as coml)ustioii begins the tcmi)eri»ture rises, and at the 
apex of the inner cone 10 mm. (■;{937") above the burner it 
has reached the melting point of platinum, which is above the 
dissociation point of carl>ou dioxidoj so that no further com- 
bination ia possible till tho gases cool. This they do as they rise, 
and combustion again can take place, and this goes on till at 
tho top of the flame all the carbon monoxide has disappeared 
and combustion is complete. From tho very first the flame 
contains excess of oxygen, as some of tho carbon monoxide 
is burned by the oxygen of the air. The length of the flame,' 
therefore, is due to dissociation. 

The dissociation temperature does not Bee*" *- ^«> w^ 
absolutely fixed pointy but varies with ott" 
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in general raised by the presence of inert gases, and consider- 
ably lowered by contact with hot solids. 

Dissociation plays a very important part in the practical 
applications of combustion. 

Smoke. — Many hydrocarbon flames under certain con- 
ditions become smoky, the smoke being due to the separation 
of carbon under conditions which do not allow of its com- 
bustion. . The cause of smoke is always imperfect combustion, 
due either to a deficient supply of air or to reduction of 
temperature. It is easy to see how the latter can be brought 
about. Air diffusing into a flame soon cools it; and if there 
be solid carbon in it this is likely to escape combustion. 
Smoke is always accompanied by other products of incomplete 
combustion. 

Domestic Fire.— As an example of some of the causes 
which lead to smoke, an ordinary domestic fire may be con- 
sidered. The whole question of the production and preven- 
tion of smoke will be discussed later. 

Suppose, in the first instance, the fireplace to be full of 
glowing coke. As the air enters, combustion takes place and 
carbon dioxide is formed, C + 2 = 002, together with some 
carbon monoxide either formed directly, C + O = CO, or by the 
reduction of carbon dioxide, 002 + = 2 CO. This coming 
into the air at the top of the fire burns with its characteristic 
blue flame, carbon dioxide being produced, 00 + O = COo, and 
the combustion is complete. If now the fire be made up in the 
usual way, by throwing cold coal on the surface, all is changed. 
The reactions at the lower part of the fire go on as before, but 
the carbon monoxide in passing through the coal is cooled below 
the point at which ignition can take place. At the same time 
the heat below begins to act on the coal, and destructive 
distillation commences, gases, and tarry matter which forms a 
dense yellow smoke, being given off; being cool, tnese do not 
ignite, but pass unburned to the ehimney. After a time, as 
t^e heat penetrates, or perhaps when the fire \a ^Xatt^^^^^^^ 
S^es Ignite and burn with the bright ftam^ c\i^T».^Wv^^^^R. ^\ 
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coal-gas. Smoke always indicates loss of fuel, not because of 
the actual ciirhon which it contains, but because the conditioiui 
which favour the production of smoke always favour the escape 
of combustible gases. 

Heating by Contact or Radiation. — All fuels are burnt 
for heating purposes, and the methods of transferring the 
heat from the inciindescent fuel to the object to be heated are 
of importance. Heat may be transferred in two ways — (1) 
by contiict, as when a bar of iron is placed in a hot coke fire 
surrounded by the burning coke; (2) by radiation, as when 
an article is heated by being held in front of a fire. In many 
cases heating is necessarily by contact, as, for instance, in the 
blast-furnace, where the charge is heated by contact with the 
hot ascending gases, or with the hot fuel; and in others it is 
altogether by radiation, as when a room is heated by an ordi- 
nary house fire ; and there are others in which both methods 
come into play. 

Heating by contact of flame is not possible, except when the 
substance being heated is at a moderately high temperature. 
AVhen flame is playing under a boiler it seems as if the heat- 
ing were due to the actual contact of the flame. This is not the 
case, as the flame cannot touch the comparatively cold surface 
— kept cold by the contact of the water — ^but is separated 
from it by a thin cold layer, across which heat can only travel 
by radiation. Gases are, as a rule, very bad radiators; bence 
the Bunsen burner, though very satisfactory for heating small 
articles with which the flame can come into contact, is a very 
poor source of heat for heating by radiation, and when it is so 
used, as in many gas fires, iron, asbestos, or other material is 
fixed so as to be heated by the flame and made to radiate, 
usually at the cost of hindering complete combustion. Water 
vapour is a very good radiator, and its presence no doubt 
materially increases the radiating power of many non-luminous 
flames. Carbon is one of the best radiators, and therefore the 
luminous flame vnth its separated incandescent carbon is much 
more efficient for heating by radiation than the non-luminous 
Bunsen flame. 
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Amount of Air required for Combustion. — If we 

^How the composition of a fuel it is an easy matter to calcu- 
late the amount of air which it requires for its complete com- 
bustion. 

The air for all practical purposes may be taken as containing 
21% by volume and 23% by weight of oxygen. When carbon 
burns to form carbon dioxide, 12 parts of carbon combine with 
32 parts of oxygen to form 44 parts of carbon dioxide; so 
that 1 part of carbon will combine with 2*67 parts of oxygen 
to form 3*67 parts of carbon dioxide. If c be the percentage of 
carbon contained in a fuel which contains no other combustible 
material, then W, the weight of oxygen required for the com- 
bustion of one pound, will be 



c • 



(1) W = ^i^?^ = cx-0267. 

The weight of air A will be— 

.^v . ex 2-67 100 ex 2-67 n« 

(2) A = TT^TT- ^ -7^77- = 7^ =CX '116. 

^ ^ 100 23 23 

One part of hydrogen when it burns combines with 8 parts 
of oxygen to form 9 parts of water, so that the M'eight ^V of 
oxygen required for the combustion of a fuel containing h per 
cent of hydrogen and no other combustible would be 

(3) WJ^, 

and A, the weight of air, 

/A\ A hx8 100 ^x8 , .«.Q 

If the fuel contain c% of carbon and h% of hydrogen, then 
W, the weight of oxygen required for the combustion of one 
pound of the fuel, would be 

/F^\ ^xr-^^ 2-67+Ax8 

^^^ loo ' 

and the weight of air 
(6) A^cx'116+hx '3i8. 
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If the fuel contains o% of oxygen, then h must be taken to 
stand not for the total but for the available hydrogen (h - 1()). 

As one cubic foot of air under the normal conditions of 
temperature and pressure may be taken to weigh -0809 pound 
(566*3 grains), the volume of air required for combustion 
would be 

^'^ ■ -0809 

If the air be at any other temperature and pressure, this 
must 1)0 taken into account. 

The volume of a gas varies inversely as the pressure, so that 
if the normal pressure be tiiken as 29*922^ inches of mercury 
(14 7 11)8. per H(|uare inch), the volume v under the normal 
pressure will become v' at the pressure ]), and 

,^. , vx 29-922 

(8) v^— . 

If 760 mm. be tfiken as the stiindard, and the pressure ^ 
be measured in millimetres of mercury, the formula becomes 

(8') ,'=^^7^.^. 

The law according to which gases expand by heat may ba 
expressed in various ways; probably the simplest is to say that 
the volume is proportional to the absolute temperature. The 
absolute zero is for the Fahrenheit scale -461, and for the 
Centigrade scale - 273, so that any temperature i on the Fah- 
renheit scale will be 461 + ^ on the absolute scale in F. degrees, 
and t on the Centigrade scale will be 273 + ^ on the absolute 
scale in C. degrees.^ 

A volume of gas v at 32° F. would therefore become at TF. 

(9) t; = Vxi|i±^, or t; = V (1+0020276 i\ 

1 For ordinary purposes 30 inches may be taken and 80 substituted for 29*922 in the 
equations. 

a The absolute temperature may also be determined irom tTaermo-AytvwsvVci&TVsi^iVBVB*, 
alwosUdentlcaUy the same zero being obtained. (.See T>tai^t Heo-t. ib. »\.^ 
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On the Centigrade scale the volumes would be 
(9') v = Yx ?^±i = V X (1 + 003665 0- 

Combining the two equations, the volume of air t; at 32° F., 
and 2.9*922 inches barometer, would become at fF. and a 
pressure of p inches of mercury t/, and 

/iA\ / V 29-922 461 + < 

_y 29-922 X (461+0 
"" i? X 493 

or v' = V X ^^^ X (1 + 0020276 /); 

and for Centigrade degrees and millimetres 

/iA'\ / ^T 760 273+^ 
(10)z/ = Vx_x-^^, 

or = VxT^x(l + -003665/). 

The following formulae are very similar to those given above, 
and are quite near enough for practical purposes. They are 
calculated for air containing an average amount of moisture. 

c is the percentage of carbon in the fuel, and h the percent- 
age of available hydrogen; A and V the weight and volume of 
air required as before; then 

(11) A=-12c+-36A; 

taking one cubic foot of such air as weighing -07639 lb. the 
volume V would be 

(12) V=l-57c + 4-71 A. 

In practice excess of air must be used, so that the figures 
found as above must be multiplied by a factor. This will be, 
for gas furnaces about 1*5, for good grates about 2, and for 
defective grates 3 or more. 

Products of Combustion. — The weight oi \\vft y^cAxsj^^js. 
o/ combustion will of course be the weight oi t\v^ iw!^ ^^^- 
stjjaed together with the weight of the air a\xp\\\edi\ ^o ^St^aJ^ 
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if W" is tho weight of the producU of combustion, A=the 
weight of air, ¥ the weight of fuel, and a the weight of the non- 
conibustible |x>rtion or ash, then 

(13) \V"'-A + F-«. 

The ])r(Klucts of comlmstion will be carbon dioxide from 
tlie fuel, water jMirtly formed hy com])Ustion of the hydrogen 
and JMirtly moisture contained in the fuel, the nitrogen from 
the air and the excess of air; so that if c, A, o, and w be the 
pon-cnlagos of carbon, hydrogen, oxygen, and water contained 
in the fuel, and K the excess of air, the weight of the products 
of combustion will be 

^ ^ ' " " 100 

Heat carried away by Gases. — If it be required to 
know the heat carried away hy the gases, this can be obtained 
by nniltiplying the products of comlmstion by their specific 
heats and the temperature at which they escape. All that is 
re<|uired in practice is to know the amount of heat lost which 
could 1)0 usefully employed, and iis heat below 100° would he, 
of no value no note need be tiiken of tho latent heat of steam. - 

The heat carried away will be 

/irA Tr {307rx-2.'W7+(0/*+M')x-480r)+(2fl7+8fc-lo)xJ»X-2486+Exjm6}^,. 
{10) 11 = -^^ 'XI. 

and if it be required to tiike into account the latent heat of 
steam, then ^—^ — —^^ must be added. 

A simpler and sufficiently accurate method is to take the 
weight of the products of combustion by (13) and multiply 
this by '25, which is about the average specific heat of the gases, 
and by the temperature, so that 

(16) H = (A + F-a)-25x^. 

• 

Volume of Products of Combustion, — When carbon 
burns to carbon dioxide the carbon dioxide formed occupies 
the same bulk as the oxygen consuxcLed (Ju-v'iiO^CCi^. 
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Whea carbon monoxide is formed the volume is t^vice that of 
tlie oxygen (C + = CO). When hydrogen bums, the volume 

D m 

of tlie gas is two-thirds of that of the component gases 
or tAvice that of the oxygen (2H + 0=^H20). With gaseous 

mom 

fuels the reactions are more complex. Marsh-gas yields pro- 
ducts which occupy the same volume as the gas burned and 
tlie oxygen used (CH^ + 40 = COg + 2HoO). With ethylene, 



C2H4, the products also occupy the same volume as the gas and 
oxygen, and with acetylene three-quarters of the volume. In 
general, therefore, for solid fuels the volume of the products 
of combustion may be taken as being equal to that of the air 
supplied, and with gaseous fuels as being equal to the sura of 
the volumes of the gas and the air. 

In either case allowance must be made for increased tempera, 
tore by equations (10) or (10'). 
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Thermal Chemistry. — Combustion has been stated to be 
a case of chemical action, and as all chemical change is attended 
with evolution or absorption of heat according to perfectly 
definite laws, these laws must apply equally to combustion. A 
brief consideration of the laws of thermal chemistry is essential 
to a clear understanding of the way in which heat is obtained 
by combustion. 

Unit of Heat, — As all thermo-chemical questions necessi- 
tate the measurement of quantities of heat, it is essential to 
select a unit in which the measurements can be made. The 
unit used for alJ practical purposes in tliis couivXiry \s> <!,?J^fc^ ^<i 
Bn't/sh Thermal Unit (B.T.U,), and is tlie amo\xxv\. ol \v^^\> \^- 
giured to raise 1 pound of water 1°F. (from SO'' Y. \.o <ci\^^:^. 
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The unit usc<l in scientific work is the amount of heat re- 
(juircMl to raise one gramme of water 1° C. (from 0** C. to TC), 
or somotiines the amount which is necessary to raise 1 kilogram 
of water I'^C ; this latter is usually called the calwie. Some- 
times also the amount required to raise one pound of water 
r^C. is taken; this may bo called a Centigrade unit. The 
relationship ]>etwcen these units is easily calculated.^ 

Thermo-Chemical Notation. — Any chemical change 
which evolves heat is siiid to be exothermic and is indicated by 
the sign + , whilst one which a})sorbs heat is called endothermic 
and is iii<li<.'ate<l by the sign -. The thermal value of any 
reaction is the niunber of units of heat which would be evolved 
or absorbed by the formation of a molecular weight of the re- 
sulting compound. If the he^it is measured in Centigrade 
units the weiglits are tiiken in grammes; if in B.T.U., the 
weights are taken in pounds. The formation of 36*5 pounds 
of hydrochloric acid l)y the combination of 1 pound of hydrogen 
with 35*5 pounds of chlorine evolves 39600 British Thermal 
Units, or if the weights be taken in grammes 22000 gramme 
Centigrade units (C). 

This may bo written 

II + CU H CI * (39G00 + ) B.T.U. (22000 + ) C, 

It should not be written, as it often is, H -f CI = H CI + 39600, 
as in that case the equation is incorrect, the two sides not 
balancing. 

Laws of Thermal Chemistry. — There are three im- 
portant laws of thermal-chemistry according to which thermal 
and chemical phenomena are connected. 

1. The heat evolved or absorbed in any chemical change is 
fixed and definite, and depends only on the change. It is, 

1 (1) To convert a quantity of heat in pound-Centigrade units into tlie corresponding 
value in B.T.U.x 1-8. 

(2) To convert a quantity in B.T.XJ. into pound-Centigrade units x '6. 

(3) To convert a quantity given in (kilogramme) calories into B.T.U. x 3-968. 

(4) To convert a quantity given in B.T.U. into (kilogramme) calories x *252. 

* Values in B.T.U. will be printed in ordinary type, t\\o&e in gtuwvta^-CeivW^gwA'ft 
UDite in italics, which may be converted into calories \)y moNing iU poS»x. \X«eft x.<i >ii«k 
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therefore, independent of any intermediate steps by which the 
cliange may be brought about; or to put it in another way, 
it depends only on the initial and final condition. Nernst^ 
states the law: "The energy differences between two identical 
conditions of the system must be the same independently of 
the way by which the system is transferred from one condition 
to the other." 

According to this law the heat evolution or absorption is as 
much an essential part of any reaction as the mass-change. One 
pound of hydrogen combining with 35*5 pounds of chlorine will 
necessarily form 36*5 pounds of hydrochloric acid, and also 
will necessarily evolve the 39600 B. T. units of heat. 

In most cases the reaction is not merely the combination of 
two free elements, but is more complex, and in these the actual 
thermal result which can be measured will be the algebraic 
sum of the thermal values of the various parts of the reaction, 
and care must be taken not to overlook any of them, or any 
physical change which may accompany them, and which may 
itself evolve or absorb heat. 

Thus, when hydrogen is made to combine with chlorine in 
solution, the heat of formation is 70767 + B.T.U., 39316 -^C; 
but this is made up of two parts : — 

Heat of combination of H, a, 39600 + B. T. U. 22000^0. 

Heat of solution of hydrochloric acid in water, 31167 + 17315 + 



Total, 70767+ 30315 + 

When hydrogen and iodine are made to combine, the result 
is still more striking. The two elements in the free state can 
be made to combine only with the greatest difficulty, their 
combination being attended with the absorption of heat, i.e. 
the reaction is endothermic. In solution, however, they com- 
bine readily enough: — 

Heat of combination of H, I, 10872 - B. T. U. GOJ^O - 0, 

Heat of solution of hydriodic acid in water, 34578 + 19210+ 

Total 2S566-V ISnO^ 

iPalmet'a translation of ThewtticaJL CliemistrVtP. ^'»^ 



3d IrnSL ANt> RSFRACtORY IfATfeRtALS. 

2. "If a chemical change evolves (or absorbs) heat, the 
reverse change will €il)8orb (or evolve) exactly the same quan- 
tity of heat." This is the law of reversibility. 

To use the examples already given : If the formation of a 
pound-molecule of hydrochloric acid evolves 39600 units of 
heat, then to break up the molecule and liberate the elements 
will absorb exactly 39600 units. If the one reaction is exo- 
thermic, the other must be endothermic to the same amount. 

In most reactions there are both combinations and decom- 
positions, and the heat-value of both parts must be taken into 
account in obtaining the final result. If chlorine be brought 
in contiict with hydrogen sulphide, decomposition at once takes 
place, and sulphur is separated, Ho S -I- 2 CI = 2 H CI -I- S. The 
reaction is thus made up of two parts: the formation of two 
molecules of hydrochloric acid, and the breaking up of one 
molecule of hydrogen sulphide: — 

B. T. U/ c. 

Decomposition of one molecule of hydrogen sulphide, 8532 - JtUfO - 
Formation of two molecules of hydrochloric acid, . . . 79200 + 44000 + 

Resultant, 70668+ 39260 + 

Had the reaction taken place with a solution of hydrogen 
sulphide, the results would have been a little more complex: — 

B.T.U. a 

Removal of a molecule of hydrogen sulphide from 

solution, 8209- 4^60^ 

Decomposition of hydrogen sulphide, 8532- 4^40^ 

Formation of two molecules of hydrochloric acid, ... 79200+ 44^00 -h 

Solution of the hydrochloric acid in water, 62334+. 34630 i- 



Total heat change, 124795+ 69330 + 

3. Every chemical change effected without the intervention 
of extraneous force tends to produce those bodies the forma- 
tion of which will evolve most heat. 

This is called the law of greatest energy, and is of very 
great importance. From it it follows that reactions which are 
exothermic tend to take place more readWy tYiaxv \\iOft^ ^\i\Ock. 
are endotbermic, and also that bodies wHcVi ate iorm^^ ^>3«^ 



HEATING POWKB OF FUKLa 39 

the absorption of heat are usually less stable than those in the 
fonnation of which heat is evolved. 

Calorific Power. — The calorific power of any substance 
is the heat which is evolved by the union of one pound (or 
gramme) of it with oxygen. It is therefore the thermal value 
of the reaction which takes place divided by the weight of the 
substance taking part in it. 

Combustion of Hydrogen. — The thermal value of the 
reaction 2 H + O = Hg is 123048 B. T. U., 68360 C. As this 
is the combustion of two pounds (or grammes) of hydrogen, 
the calorific power will be half this, viz. : — 

C. P. of H = 61524 B. T. U., 34180 C* 

Kquid water being formed. 

Combustion of Carbon. — The thermal value of the 
formation of a molecular weight of carbon dioxide from 
carbon and oxygen is C + 2 O = C Og, 174528 B. T. U., 96960 C. 
As twelve parts of carbon take part in the reaction, the 
calorific power will be these numbers divided by 12: — 

C. P. of C to (C O2) = 14544 B. T. U., 8080 C. 

It will be remembered that carbon forms another, a lower 
oxide, carbon monoxide, C 0, which contains, for the same 
amount of carbon, one-half the quantity of oxygen. What 
is the heat of formation of this oxide from carbon and oxy- 
gen? or, what comes to the same thing, what is the calorific 
power of carbon burning to carbon monoxide? This cannot 
be determined directly,, for though carbon monoxide is readily 
formed from its elements, they cannot be made to combine 
under conditions suitable for the measurement of the heat 
evolved, but it can be ascertained indirectly by taking advan- 
tage of the known laws of thermal chemistry. 

If twelve parts of carbon be burnt directly to carbon dioxide 
it evolves 174528 B.T.U., or 96960 G, If twenty-d^ht ^arta 
0/ carbon monoxide (the weight whicla. coiiXAin^ V»^^n^ ^^t\s^ 
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of car])on) l>e burnt to carbon dioxide it evolves 122328+ 
B.T. U., or 67960 C.y and the heat of formation of the carbon 
monoxide must ol)viou8ly be the difference between the Ubo:— 

C + 20 = CO, 174528 + B.T.U. 90960 + 0, 

C0+ = C0, 122328+ (J7960+ 



;.C+ 0= 62200+ £9000 

which, divided by 12, gives — 

C.P. of C toCO = 4350B.T.U., 24160. 

The figures may bo stated in another way with the same 

result: — 

B.T.U. 0. 

1 lb. carl>on Imming to car)K)n dioxide, ... ... 14544 8080 

2^ 1I)H. carlxm inonoxidu buniing to carbon dioxide, ... 10194 6664 



1 lb. of carlxm buniing to carlxm monoxide, 4350 £4^6 

It is importiiut to notice that in this case the second atom 
of oxygen combining with the carbon evolves much more heat 
than the first. The probable reason 'for this is that in the 
free condition the carbon is solid, and in carbon monoxide it 
is gaseous, so that in the formation of carbon monoxide the 
car])on has been vaporized, and the difference between the heat 
evTjlved l)y the second atom of oxygen and that by the first 
may be taken as the latent heat of vaporization of the carbon, 
and this, therefore, can be calculated from the data given : — 

Heat evolved by combination of the second portion of 

oxygen with 1 lb. of carbon, 
Heat evolved by combination of the first jwrtion of 

oxygen with 1 lb. of carljon, 

Latent heat of vaporization of carbon, . . . 5844 

Evaporative Power (E. P.). — Engineers very frequently 

use a method of stating the heating power of fuels which has 

the advantage of being independent of any particular thermo- 

metric scale, and consists in stating the numbet oi ^\MaA& ^i 

wa^r »t 212" which would be evaporated \iy tVo. cQis^\^\Assa 



B. T. U. 


C. 


10194 


5664 


4350 


U16 
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of one pound of the fuel. Since the latent heat of vaporiza- 
tion of water is 537 Centigrade or 967 Fahrenheit units, the 
one is easily calculated to the other. 
In the case of carbon, 

(17)E.P. = 14i|Z: = ^ = 14.9. 
^ ^ 967 537 

In the case of hydrogen the relationship is not quite so 
simple, for each pound of hydrogen forms nine pounds of 
water, which of course must be evaporated; and as by the con- 
ditions the products of combustion will remain in the gaseous 
condition, the latent heat of steam must be taken into account, 
and 

(18) E. P. of hydrogen = ^ - 9, or?M|?_9 = 54. 

Heat of Formation of Compounds. — When a com- 
pound is burned in oxygen or air, the heat evolved is not the 
same as would be evolved by the combustion of the same 
weight of the constituent elements in the free condition, but 
may be either greater or less, according as the body was 
formed with absorption or evolution of heat, and the differ- 
ence will be the heat of formation of the body. It is easy to 
see why this must be the case, and, by taking advantage of it, 
it is possible to calculate the heat of formation of a compound. 
For example, what is the heat of formation of benzene, Cg Hg ? 
Starting with 6 x 12 = 72 pounds of carbon and 6x1 pounds of 
hydrogen, and converting these into carbon dioxide and water, 
the heat evolution must be 174528 x 6 = 1047168 + 61524 x 
6 = 369144 = 1416312. (96960 x6)-h (68360 x3) = 785840, 

The formation of six molecules of carbon dioxide and three 
molecules of water from their elements must evolve this 
amount of heat, quite irrespective of the stages through which 
these combining bodies pass, so that, whatever be the nature of 
the changes, the algebraic sum must be 1416312. And if heat 
was evolved when the hydrogen and carbon entered into com- 
bJaation to form benzene, when the compouud \^ Wyw^^^^^ 
Aeat of combustion will he Jess than 1416^12 \i^ VXie^ ravciXvxvV 



B.T.U. 


C. 


1418310 


787950 


1416312 


786840 
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of heat evolved in the formation of the benzene; but if the 
iKjnzcno were formed with absorption of heat, then when it is 
bui'ned it will evolve more heat than the elements would do in 
the free condition. 

The heiit of combustion of benzene, Cg Hg+ 15 O = 6 C Oo+ 
3 IL, O, is found to be U18310 B. T. U. {787950 C), so that 

Heat of combustion of 1)enzene, ... 

Heat of combustion of carbon and hydrogen, . 

Heat of formation of benzene, 1998- 1110- 

So that, if we know the heat of formation of a body and the 
heat of combustion of its constituents, it is possible to calcu- 
late the amount of heat which it will evolve on combustion. 

Calorific Power of Solid Fuels.— -The heat of forma- 
tion of the constituents of solid fuels is quite unknown, and 
therefore it is impossible to calculate exactly the heat of com- 
bustion of such fuels. It is usual, in calculating the calorific 
power of a fuel, to assume that the constituents give out in 
burning the same amount of heat that they would do if they 
were in the free condition. This assumption is manifestly 
incorrect, and the results given by it are sometimes higher 
and sometimes lower than those determined by experiment 
Probably no two fuels have identical proximate composition, 
and therefore their heats of formation will vary, and may be 
either positive or negative. As the substances used for fuel 
are usually unstable, their heat of formation is ^mall, and the 
results of these calculations for solid fuels are probably not far 
from the truth — at any rate, in most cases; but it must be 
remembered that, in the present state of knowledge, too im- 
plicit confidence must not be placed in them. 

In the calculations which follow, c, /i, o, s will stand for the 
percentage of carbon, hydrogen, oxygen, and sulphur contained 
in the fuel, and C. P. for the calorific power. 

If the fuel contains no combustible but carbon the calcula- 
tion is very simple. 
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(19) C. P.=^-ill^inB.T.U. 

(19') C. R=^^J^ in C. units. 

If the fuel, contains carbon and hydrogen the formula is also 
simple; 

(20) C.P.='Jiii514+A2i61524j^BT.U. 
(20') C. j^,^ oxS080 + h^ 3418 j^ ^ 

Since the calorific power of hydrogen is 4*265 times that of 
carbon these equations may be written — 

/9i\ r T> (c + 4-265 A) X 14544 

(21) C.P. = ^ ^ , 

or m '^ P P (^+A^^ h) X 8080 

Example. — Calculate the calorific power of a fuel containing 70% carbon 
and 30% hydrogen. 

By (18) C. P. ^ 7Q ^ ^^^^Vo^^ "" ^^^^^ = 28637 B. T. U., 

or by (18') 0. ^,J0^8080-^S0^S4180^^^^^^ ^ 

100 

Most fuels contain oxygen, and this has an important effect 
on the heating power. If the oxygen were free it would of 
course combine with the combustible matter just as the oxygen 
of the air does, and thus evolve heat; but it is not free, it is 
in combination with some of the other constituents of the fuel, 
and thus these, being oxidized, cannot burn again, and so are 
useless as fuel. The effect of the presence of oxygen in a fuel 
is therefore to render a certain portion of the carbon or hydro- 
gen useless for combustion. It is not known in what form of 
combination the oxygen is present, but it is assumed to be 
present in combination with hydrogen in the proportions to 
form water, that is, eight parts of oxygen to one of hydrogen, 
80 that the oxygen will render useless ^ its own weight of 
hydrogen, and the hydrogen which is available for combustion 
^ be (A ~ ^ <>) ; this therefore is called the available hydrogen. 
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The formula for calculating the calorific power of a fuel con- 
taining hydrogen and oxygen therefore is — 

(22) C. P. = c^U5U + {h-lo)x6l52i ^ ^ ^ ^.^ 
or (22') C. P. J xS080+(h^-l 0)^34180 .^ ^ . 

or, using the form given in equations (21) and (21'), 

(23) C. P. = {c + i-2G5{h^-^_o)}xU5U j„ g ^ ^ 

(23') C. P. = {C + 4-365 ( h- } 0)} . 8080 .^ ^ 

Example. — Find the calorific power of a fuel which contains 60% carbon, 
26% hydrogen, and 24% oxygen, 

^ p _ 50 X 14544 + (26 - V) x 61524 

100 
727200 + 1415052 



I 



100 



= 21422 B.T.U., 



or c. v,Jl21^2?2±^t:^iy^LSU8o^i^ooi 0. 

100 

If sulphur be present, then 5 x 3996 must be added to the 
numerator of the first fraction and 5 x 2220 to the second. 

Almost all fuels leave on combustion a non-combustible 
residue or ash. This has very little effect on the heating power, 
as it only absorbs a small quantity of heat in being heated to 
the resultant temperature. Similarly, nitrogen has no eflfect, 
nor has water, since it is assumed that the products of com; 
bustion are below 212° F. (100" C), so that any heat absorbed 
when the water is converted into steam is given up again when 
it is condensed. 

One inaccuracy in the calculations has been mentioned; 
there is still another due to uncertainty as to the thermal 
value of carbon burning to carbon dioxide. The figures given 
by Favre and Silberman are — 

Wood charcoal, ... ... ... 8080 C. 

Gas retort carbon, 8047 »» 

Native graphite, 7762,, 

Diamond, ... ... 7770 ,| 
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The first value is always taken, though it is impossible to 

y in what form the carbon exists in fuels. 

The number 61524 (34180) for the calorific power of 
"hydrogen is based on the assumption that the hydrogen is 
gaseous, but in solid fuels it is in the solid condition, and 
therefore heat must be absorbed in melting it. Assuming 
that it combines with oxygen and then melts, the amount 
of heat absorbed would be 9 x 142 in B.T.U. and 9 x 80 in C. 
units, so that the calorific power of hydrogen in solid fuels 
would become — 

(24) C. P. = 61524 - (9 X 142) = 59246 B. T. U. 
(24') C. P. =34180 -{9 X 80) =^33480 in C. units. 

As the combined hydrogen is also present in the solid con- 
dition, the formulae for solid fuels would become — 

(25) C. P. = {cxU544 + (A-^o)x61524}-9^xl42inB.T.U., 
(25') or O. V.-{cy,8080-\-(h-\o)xS4180]-9hx80\nC, 

Calorific Power of Gaseous Fuels. — The value 8080 
for carbon burning to carbon dioxide is for solid carbon, but in 
gaseous fuels the carbon is in the gaseous condition, and there- 
fore will have a calorific power higher by the amount of heat 
which in the case of solid carbon is absorbed in gasifying it. 
That is — 

(26) C. P. (gaseous carbon) = 14544 + 5844 = 20388 in B. T. U. 
(26') C. P. „ - 8080 + 3248 = 11328 in C, 

It may be of interest to compare the numbers obtained by 
the usual formula with those obtained by direct experiment in 
the case of one or two of the well-known gases; this, as will be 
seen, is equivalent to calculating the heat of formation of the 
gases. 

Marsh-gas (Methane), CH^. This gas contains 75% of carbon 
and 25% of hydrogen, and its calorific power, as determined 
by experiment, is 24021 B. T. U., or 13345 C. 

Calculated from the ordinary formula (20), taking the C. P. 

of carbon as 14544 (8080% the result is l^Wh B.T.\I., o^ 

-<%^^ C, which is somewhat higher than \3aa.\. IovxtA Vj 
experiment. 
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Tho result obtained by the correct formula for gases, taking 

the C. P. of carlmn as 20388 B. T. U. 11868 C, is C. P. = 30679 

B. T. U. or 17030 C, which is considerably higher than the 

experimental result ; so that the heat value of the combination 

of -75 lb. of carbon with 25 lb. of hydrogen to form 1 lb. of 

marsh-gas is — 

30670 - 24021 = 6649 + B. T. U. 

17039 - 13345 = 86H + C. 
This may i)erhai)s be better put — 

JS> X. u. c 

Ueat of combustion of 12 Ibe. of gaseous carbon, 244656 IS64.IO 

4 „ hydrogen, 246095 1367iO 

490751 2731S0 
„ 16 „ marsh -gas, 384336 21S280 

„ combination of 12 lbs. of gaseous car- ) 106416 E9SE0 
bon and 4 lbs. of hydrogen, j 

Ethylene, C.^H^, is another important hydrocarbon which 
exists in coal-gas. When it burns, the reaction is CgH^+CO 
= 2 COo + 2 H2 0, and its heat of combustion is 597600 B. T. U. 
{332000 C). 

The figures for it stand — 



B.T.U. c. 

Heat of comlmstion of 24 lbs. of gaseous carbon, 489312 S7S8tO 



4 „ hydrogen, 246095 1S6720 



f» »» 



»» 



735407 409540 
28 „ ethylene, 597600 SS2000 



combination of 24 lbs. of gaseous car- | 137807 776A0 
l)on and 4 lbs. of hydrogen, S 

It is evident, therefore, that in the case of gases the heating 
power must be calculated not from that of the elements present, 
but from that of the constituent gases, any results obtained by 
calculating from the heat of formation of the products of com- 
bustion only being absolutely valueless. 

Bodies with Negative Heat of Formation,— Bodies 
which have been formed with absorption of heat give on com- 
bustion more heat than the elements of which they are composed 
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'would do in the free condition, and the decomposition of such 
bodies without combustion will evolve heat. Among such may 
k mentioned acetylene, 86706 -. B. T. U. {48170 -C) and 
carbon disulphide 46818- B.T.U. {26010- C). 

The influence of the evolution of heat by the dissociation of 
acetylene on the luminosity of flames has already been dis- 
cussed. 

Calorific Power at Higher Temperatures. — The 

calorific power has been defined and used in the foregoing 
calculations in the form most convenient for comparison, 
though the conditions are not such as obtain in practice. It 
has been assumed that all the products of combustion are 
cooled below 212" F.; so that all steam is condensed to water 
and thus gives up its latent heat. In practice this is not the 
case; the temperature of the products of combustion is always 
above 212", and therefore the steam remains as such. As the 
heating power which is important for practical purposes is 
that which can be actually obtained, the formula can be 
modified to give this. 

Let the temperature of the products of combustion be 212" F. 
(100° C), then the calorific power of hydrogen would be — 

(27) C. P.2i2- = 61524 - (966 x 9) = 52830 B. T. U. 
(27') C. P.ioo- = S4180 - {587 x9) = 29847 C. 

The higher the temperature of the products of combustion 
the less is the effective calorific pow-er, because until the pro- 
ducts of combustion are heated to this temperature, no heat 
can be utilized. The calorific power of hydrogen at f Fahren- 
heit and ^° Centigrade becomes 

(28) C. P., = 61524 - {(966 x 9) + ('4805 x 9 x t)} in B. T. U. 
(28') C. P.^ = 84180 - {{587 x9) + {'4805 xt'x 9)} in C. 

The carbon portion of the equation is not so much affected, 
and the calorific power for carbon at t° F. or f° C. would 
become — 

/SPJ aF.== 14544 - (3-67 x -2163^) 

r^py aR= soso - (s-er x •2i68i:\ 
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and a fuel containing carbon, hydrogen, and oxygen — 

(30) C. P. = 

[(cxU544)-807cx-2168xfl+615a4(A-to)-(966x9A)-K-4806x9AxQ , ^ _, „ 

« AA io B. T. U. 

or (30') C. P. = 

(c X fumy- {3 07 e X Sm x t )-^SU180(h - 1 o)-(5S7x9h)H'Ji8a5 x9hxC.) 

100 



inc. 



Calorific Intensity (C. I.). — It is often not sufficient to 
know the actual heating power of a fuel, but it is required to 
know also the temperature which could be obtained by burning 
it, or, as it is called, the calorific intensity or pyrometric heating 
effect. The pyrometric effect and the absolute heating power 
are not identiciil or even proportional. It is obviously im- 
possible to calculate a temperature attainable under any practi- 
cable conditions, since all the circumstances are too variable; 
but it is easy to calculate it under certain assumed conditions, 
which, though not attainable in practice, allow of the ready 
comparison of the heating power of various fuels. The calorific 
intensity may be defined as the rise of temperature which 
would be produced if one pound (or gramme) of the fuel were 
burnt in exactly the right quantity of oxygen under such 
conditions that combustion was perfect and there was no loss 
of heat. 

The temperature would depend on the amount of heat liberr 
ated and on the nature and weight of the products of combus- 
tion which have to be heated. The products of combustion can 
readily be reduced to a water equivalent, t.«. a weight of water 
which would require the same amount of heat to raise it one 
degree. The water equivalent will always bo W x S, where W 
is the weight of the product of combustion, and S its specific 
heat ; and if C P be the amount of heat evolved, then T, the 
rise of temperature, will be — 

If one pound of carbon at 32' F. (0°C.) be burned in 2-67 
pounds of oxygen it will form 3*67 lbs. of carbon dioxide, which 
has a specific he^it of '2163; so that 
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This is rise of temperature, so that if, at starting, all the sub- 
stances were at 32° the final temperature would be 18329° F. 
In Centigrade degrees the figures would be — 

The case of hydrogen is a little more complex. The heat 
evolution is 61524 B. T. U., which has to be distributed over 
9 lbs. of steam produced by the combustion, having a specific 
heat of -4805 ; but the 9 lbs. of water has to be converted into 
steam, which will absorb 966 x 9 units of heat, and thus 
reduce the heating power by that amount. But during the 
180% i.e. from 32° to 212", the specific heat is not -4805, but 1 ; 
so the difference must also be deducted, and the formula for 
the calorific intensity of hydrogen becomes — 

/QQ\ n T 61524 - {966 + (1 - -4805) 180} 9 

^^'^^ ^'^'^ 9iri805 

_ 51988 ^j2021. 
4-3245 

This is a rise of temperature, so that the temperature of pro- 
ducts of combustion would be 12021 + 32 = 12053" F. 
In Centigrade degrees — 

/««,v p T 34180 - {537 + (/ - '4S05) 100} 9 ^^.^ 

(33) C.Lo=- ^-^ 1 ^-:=6743, 

These formulae can readily be applied to fuels containing the 
ordinary constituents. 

(34) C I - gxl^544 + (^-iQ)61524-{966 + (l- -480 5 )100 x(9^ + «>)} 

*" (3-66cx-263 + (9A + w)x'4805)100 

^ {S'66cx'263 + {9h + w)x'4805)100 

where, in addition to the symbols used above, w is the quan- 
tity of moisture in one pound of the fuel. To obtain the 
resulting temperature the figure obtained for the calorific in- 
tensity must be added to the temperature at which combustion 

(M252) D 
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takes place. To calculate the pyrometric heatiiig power, umg 
air in place of oxygen, 

(35) { 2-66 c + 8 (A - io)} X ^ X "244 must be added to the 

denominator of the fraction, and if there be an excess of 
air f, then e x '2377 must also be added. 

Comparison of Hydrogen and Carbon. — The calorific 
jK)wer and iutcnaity of fuels are related, but they are not 
i<luiitical or proportional, as will be seen from the following 
tJiliutar stiitcraont from Watts' Dictionary: — 





1 


i 


1 

1 

3 


i 

3-«7 


1 

1 

2-4 


U-tDnlH. 


1 


'^*' 


1 

i 


Cnrl-n,.. 
Ujrlnijjoil 


1 
1 


2'e7 
8 


soso 

34180 


U54i 
81534 


) 
4'28ft 


10174 

6743 


1S297 
12021 


I 
■m 



Other Formulae. — Many other formulie for calculating 
calorific power hitvo been suggested. That of M. Cornu ii 

very fre<£Ucntly used; it is — 

0C'4-1I368C" + 341 80 H 



CI'. 



100 



where C is the pcrcentige of fixed carbon, C" the percentage 
of volatile carljoii, and H the percentage of hydrogen in the 
fuel, and the results are given in Centigrade units. 

This equation is readily modified to give the result in British 
units; it then becomes — 



C.P. 



14544 0' + 



8C" + 61524H 



100 



The symbols having the same meaning as above. 

The formulae based on the calorific power of the elements 
necessitate for their use a knowledge of the ultimate composi- 
tion of the fuel, and as this can only be obtained by a trouble- 
some combustion analysis of the fuel,attemipta\«i.\fe\ifteii.TOada 
to devise /ormulte which can be used witti 6im5\«r ^te. 
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(2) 




betwee 


n 3 and 4*5 


(3) 




)) 


4-5 „ 8-5 


(4) 




)) 


8-5 „ 12 


(5) 




)i 


12 „ 20 


(6) 




»» 


20 „ 28 


(7) 




over 


28% 



Of these, that due to Otto Gmelin is probably the best ; it 

is: — 

C.P. = [100 - (w + a)] 80 - c X 6«;, 

where w is the percentage of water, a the percentage of ash, 
and c a constant varying with the amount of water. The 
result is given in calories. 
The value of c is, for coals with — 

(1) Water less than 3% e= 4 

c= 6 
c=12 
c=10 
c= 8 
c= 6 
c= 4 

This formula seems to give good results with many coals. 

It has been suggested by Welter that the heat evolved by a 
fuel when burned is proportional to the amount of oxygen with 
which it combines, and on this assumption (often called Wel- 
ter's law) attempts have been made to estimate the heating 
power of a fuel by finding the amount of oxygen with which it 
will combine. The law is probably nearly correct where there 
is no change of state or chemical change except combination; 
but as in all solid fuels the solid carbon is converted into the 
gaseous form, the law breaks down and is of no practical use. 

The amount of heat evolved per unit of oxygen taken up is : — 

(1) ByYjombustion of hydrogen, ... 7705 B.T.V. 4^2 C. 

(2) „ „ soUd carbon I g^^g ^^ 

to carbon dioxide, ) 

(3) „ „ gaseous carbon, 7688 ... „ 4^1 



CHAPTER III. 

FUELS— WOOD, PEAT, COAL. 

Nature of Fuels. — All fuels in common use coi^iat mainly 
ol carbon and hydrogen, and all, with perTiapa t^ve exae^NASsvN. ^\ 
mineral oils and natural gas, are of vegetable oxvgta. 
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Classification of Fuels. — The following classification of 
fuels will answer every purpose : — 

I. Solid fuels. 

(a) Natural. 

(1) Wood. 

(2) Peat. 

(3) Coal. 

(b) Prepared. 

(1) Charcoal. 

(2) Peat charcoal. 

(3) Coke. 

(4) Briquettes. 

II. Liquid fuel. 

(rt) Natural. 

Natural oils. 

{b) Prepared. 

Distilled oils. 

III. Gaseous fuel. 

(a) Natural. 

Natural gas. 

(b) Prepared. 

(1) Coal-gas. 

(2) Producer-gas. 

(3) Water-gas. 

(4) Oil-gas. 

Wood. — Wood may be regarded as the natural fuel of man: 
certainly it was the first, and for very many ages the only one, 
with which he was acquainted. It is still used in some minor 
operations, but has been abandoned for all metallurgical pro- 
cesses, except in regions where other forms of fuel are dear or 
unobtainable. 

Wood 28 the merer or less hardened \egeta\Ae \iva«\3La ^1 tt^^. 
Ijbe stems and larger branches are caWed svni^\^f ^ocA, n?\Sl^ 
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the smaller branches and all the wood of bushes and small 
trees is known as brushwood. 

In the early days of its growth every plant is soft and herba- 
ceous, but in time, in the case of those that live several years, 
the soft cells and tissues become hardened or filled up by the 
deposition of woody matter, thus converting the herbaceous 
plant into wood. As the plant grows, the older cells become 
more and more filled up, till after a time they cease to perform 
their functions, and may even decay without impairing the 
vitality of the tree. The hard centre of the tree is often called 
"heart-wood", whilst the younger and outer portion is "green 
or sap wood ". Under the bark there is a layer of living and 
growing cells, by means of which fresh wood is formed and the 
tree increases in size. 

The principal constituent of wood is cellulose — a substance 
which is seen very nearly pure in white cotton fibre — which 
has the formula C^H^QOg, and contains 44*44% carbon, 6*17% 
hydrogen, and 49*39% oxygen; the composition being the 
same whatever is the nature of the plant from which it is 
taken. 

Composition of Wood. — The materials deposited in the 
cells as the tree grows vary in composition, but on the whole 
they are richer in carbon and hydrogen than cellulose, so that 
though pure cellulose contains no available hydrogen, wood 
always contains a small quantity. 

The following analyses will give a sufficient idea of the 
composition of wood. The figures in the first column may 
be taken as an average; those in the other three columns 
are actual analyses, and are taken from Percy's Metallurgy, 
vol. i. : — 



Carbon, .... 
Hydrogen,. 
Oxygen,.... 
/ Nitro^n,... 
I Aab, , 



Average. 



50 
6 

41 
1 

2 



Oak, 
120 years. 



50-97 

•6-02 

41*96 

1*27 

1-93 



Birch, 
60 years, 



\ 
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Some plants and parts of plants are exceptionally rich in carbon 
and hydrogen, as, for instance, the spores of club-moss, which 
contain alx)ut, 



Carbon, 

Hydrogen, 

Oxygen and nitrogen, 

■/^Olil ••• ••• ••• 



... 61-5 

... 8-4 

... 27-7 

... 2-4 



Water In Wood. — Wood always contains a considerable 
quantity of water. In the growing condition the cells and 
vessels are filled with the sap fluids on the circulation of which 
the growth of the plant depends. Freshly felled wood contains 
50 per cent or more of water — the amount varying with the 
kind of tree, the part of the tree, the age, and the season of 
felling. The young wood, branches, and leaves contain more 
than the stem; and the older the wood the less water it usually 
contains. The amount is greatest in spring, when growth is 
active, and least in winter. When a tree is felled and exposed 
to the air it loses water, and as the bark hinders drying it is 
usually removed, or the tree is " barked ". After a few weeks' 
exposure, under cover, it loses as much water as it will do under 
the circumstances, and in this condition it is said to be " air- 
dried", but still retains 15 to 25 per cent of moisture. The 
following may be taken as the average composition of air-dried 
wood : — 



Carbon, 

Hydrogen, 

Oxygen, 

Nitrogen, 

Ash, ... 

Moisture, 



40 

4-8 

32-8 

•8 

1-6 
20-0 

lOO-O 



Distillation of Wood. — When wood is heated in a 
closed vessel water and volatile matters are expelled, and a 
residue of charcoal is left, which consists of pure carbon and 
ash. 
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The following may be taken as an average result: — 

VOlAtliCj... ... ••• ... ... ... ... tu^ 

Charcoal, 27% 

Fixed carbon, 25% 

*»0 *»y ••• ••• ••• ••• ••• ••• ••• ^ /q 

Ash of Wood. — The ash which is left in burning away 
all the combustible portion of wood consists of the inorganic 
Blatters which were present. These constituents are not acci- 
dental, but are a necessary part of the plant; each plant 
containing the ash constituents in more or less definite pro- 
portions. The constituents of the ash are principally in the 
form of oxides and carbonates, depending to some extent on 
^he temperature at which the wood was burned. This gives 
^o clue to the way in which the elements were combined in 
trie wood, since all organic compounds of the metals give 
^^^des or carbonates on combustion. The ash is usually 
^Ixite, and consists chiefly of carbonates, potash, and lime, with 
^^'^cialler quantities of soda, magnesium, oxide of iron, alumina, 
^^^xd silica, the amount of the last-named varying much with 
*''X« nature of the plant. The composition of wood ash is of 
^^^ metallurgical importance. 

Specific Gravity of Wood. — Wood floats on water, and 

"^vzilk for bulk is therefore lighter. This is due to the fact that 

^"^ood is very porous, and that the spaces are filled with air. 

■*^ the air be removed and replaced by water, as when the 

^'^"ood becomes water-logged by long soaking, then the wood 

■^^comes heavier than water and sinks. The specific gravity 

^^f wood including the air-spaces varies from -54 to over 1. 

^Ixcluding air-spaces the specific gravity is about 1 '5. 

Wood as a Fuel. — ^Wood is not a good fuel. When air- 

^iried it contains a large quantity of water, which has to be 

Evaporated by the heat of combustion. It contains a large 

quantity of combined, but very little available hydrogen, so 

■^ its calorific power is low. Dry wood has only a calorific 

^ about 7000 B.T.V., and when air-dnedi 01^5 ^iwavi^ 

X The calori&c intensity is also \on7. 
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Many attempts have been made to estimate the relative 
vahie of the various woods as fuel. The figures given by 
0. Pictet are : — 



Lime (taken 88 unity), 




1 


Scotch fir, elm, aspen, 




. ^98 


Willow, horse-chestnut, larch. 




•97 


Maple, 




•96 


Black poplar, 




. ^95 


Alder, birch, hornbeam, oak, 




•94 


^VHIIf •■• ••• ••• ••• ••• 




. -92 



The heuting power of the soft woods is therefore as great as 
that of the harder woods. 

Wood is very light and bulky; it kindles easily, and bums 
with a long, himinous, often smoky flame. Long soaking in 
water seems to diminish the specific gravity and heating power 
of the wood, but there is little, if any, difference detectable in 
the composition. 

Any vegetal )le matter that is sufficiently abundant and 
cheap may be used as a fuel under suitable conditions. Spent 
tan, straw, and many other substances have been successfully 
used. Dry straw has a calorific power of about 6300 B.T.U. 

Peat. — Under certain conditions of moisture and tempera- 
ture, various low forms of vegetable life flourish luxuriantly, 
and as they die down their remains accumulate faster than 
they decay, so that each generation helps to form the soil on 
which the next generation grows. In this way there gi'adu- 
ally collects a mass of decaying vegetable matter, which may 
accumulate to a great thickness, forming beds of peat. These 
peat-mosses or peat-bogs are produced mainly in moist districts 
in temperate climates, sometimes occupying low-lying river- 
valleys, at others depressions in table-lands or among hills. 

In this country the peat is composed almost entirely of the 
remains of mosses, those of the genus Sphagnum being far the 
most abundant. But in other countries these are sometimes 
quite absent, and therefore the peat is made ur ' ■ 

of other forms of plants. 
As the plaDt-remaipa "• 
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follows that the most recent peat must be at the top and the 
oldest at the bottom. The top layers will consist of the 
tangled roots and stems of the plants, only slightly decayed, 
so that the separate plants can be distinctly made out. It is 
usually light-brown in colour and of low specific gravity. 
Lower down it will be darker in colour and denser, the 
separate plants being less readily distinguishable, and at tbe 
greatest depth it may have passed into a nearly black, compact 
mass, in which all trace of the separate plants of which it is 
composed is lost. 

Owing to the way in which the peat has been formed, it is 
usually very wet, often containing, when freshly got, as much 
as 80 per cent of moisture, and even after thorough air-drying 
it will usually contain 10 or 15 per cent. 

Composition of Peat. — The following analyses of peat, 
from Percy's Metallurgy, may be taken as examples, but it must 
be remembered that samples from different beds in the same 
district, or even from different parts of the same bed, may 
vary so very much in composition that it is quite impossible 
to give anything like an average composition : — 



Carbon, . . . . 
Hydrogen, 
Oxygen,..., 
Nitrogen, . . 
Afih, 



SLilbeggan. 



61-04 
6-07 

30-46 

1-83 



Devonshire. 



54-02 
5-21 

28-18 
2-30 
9-73 



Philipstown, 
Ireland. 



57-53 
6-83 

32-23 
1-42 
1-99 



Abbeville, 
France. 



57-03 
5-63 

29-55 
2-21 

5-58 



A sample of Wicklow peat (dry) gave — 

V out vllCy ••• ••• ••• ••• ••• • 

\./vJSbCy ••• ••■ ••• ••• ••• • 

Fixed carbon, 

^!^0Xm ••• ••• ••• ••• ••• • 



71-6 
28-4 
27-17 
1-23 



Ash of Peat. — ^The amount of ash from peat is often very 
i-tnre; the tangled mass of roots and stems acts as an efficient 
^nd retains much of the solid matter which the water 
m suspension. Tbe ash, therefore, C0Tisvs\;a m Taasv^ 
rtoa very small extent of the remama oi \J[v^ motgjkxvvi 
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mtittcr in the plants from which the peat was formed, and its 
com|H>sition is dilFerent from that of wood. Alkalies are 
usually lower, and oxide of iron and earthy materials are much 
higher in amount; sulphates are often present in considerahle 
qiuintity ; and sometimes metallic compounds in such quantity 
as to 1)0 of value for the extraction of the metal they contain. 
Peat is often so impregnated with iron as to constitute a bog- 
iron ore ; in Anglesea some of the peat contains so much copper 
that the ash yields about three per cent of the metal; while 
in other cases considerable quantities of iron pjnntes have been 
found. 

Density of Peat. — Peat varies much in density. It may 
be as light as '25 or as heavy as 1*4. According to Sir Robert 
Kane : 

1 ciil)i(: yani of light i)eat (as uftod for domeetic burning) 

wfiglm.... ... ... ... ... ... ... SOOlba. 

1 cu]>ic yard of g<MKl jKiat weighs.... ... ... ... 900 „ 

1 „ „ duHHUHt ,, ... ... ... ... 1100 „ 

Cutting and Preparing Peat. — ^For domestic use, where 
peat is em])l()ye(l as fuel, it usually undergoes no preparation 
excej)t air-drying. It is cut from the moss by means of hand 
cutters in rectangular blocks, and these are allowed to dry 
in the air under cover till they are dry enough for use. Many 
attempts have l)een made to prepare a good fuel for manu- 
facturing ])urp()ses from peat, but hitherto without much 
success. With this ol)ject the peat is first cut either by hand, 
or, better, by machinery — of which many kinds have been 
devised ; it is then usually shredded or pulped, stones, pieces 
of wood, and anything else which will not pulp being separated, 
and the pulp is pressed into blocks under great pressure — these 
being often perforated to allow escape of moisture — and dried 
at a moderate temperature in air or superheated steam. As a 
rule, when fuel of fair quality has thus been made, the cost has 
been too great to allow it to come into extended use. 

Peat as Fuel. — Peat is not a goodi\ie\. l\iQiCi.Tv\a.\B&\«5i 
mud water, very often too ▼« ' ' -%iid ^3t»a TasvjcaJX-^ ^i «sv 
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objectionable kind. It contains very little available hydro- 
gen, and has a very low calorific power, about 5000 RT.U. or 
less, and its calorific intensity is also low. The evaporative 
power of dry peat may be taken as about 5*5, that of peat in 
its ordinary condition as 4*5, so that weight for weight its 
heating power is not more than half that of coal, whilst bulk 
for bulk it is much less. Peat has, therefore, all the defects 
of wood with the addition of the high ash, and as it bums it 
crumbles down, the residue or coke having no cohesive power 
whatever. The pressed blocks also have this defect, and are 
usually so soft that they will not bear handling. 

Coal. — This is now the only important fuel, and practically 
all the energy required for metallurgical and manufacturing 
purposes is obtained directly or indirectly by its combustion, 
except in the localities where natural gas or oil is available. 
Common and well known as coal is, it is extremely difficult if 
not impossible to give a satisfactory definition; that is, one 
which, while including all varieties of coal, shall exclude all 
other substances. This was well shown in the Torbanehill case 
tried in Edinburgh in 1853, with the object of determining 
whether a certain mineral, torbanite or Torbanehill mineral, was 
or was not a coal. It was only after a lengthy trial, in which 
a great number of scientific witnesses were examined on both 
sides, that the substance in question was decided to be a coal. 
The best definition of coal which has yet been framed is 
that due to Dr. Percy: " Coal is a solid stratified mineral sub- 
stance, black or brown in colour, and of such a nature that it 
can be economically burned in furnaces or grates ". 

Exception may be taken to this because it makes the defini- 
tion of coal depend on whether or no it can be economically 
used, and therefore to some extent on the nature of the grate ; 
hut it must be remembered that for practical purposes coal is 
only required for burning, and therefore the definition is 
i quite sufficiently accurate. 

\ Another definition which has been suggested is, "any mineral 
f substance used as fuel which is mainly made up oi \J^ft ^evaaivws* 
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Geology of Coal. — Coal is made up almost entirely of 
matter derived from plants. The plants lived in an age very 
much more remote than that in which the oldest peat was 
formed, and therefore their remains have undergone very much 
greater changes in composition and 'physical properties. So 
great has been the transformation, indeed, that composition 
alone would not l)e sufficient to prove the vegetable origin of 
coal. All the ordinary coals were formed in situ, the plants 
living and dying on the spots where the coal produced from 
them is now found. During the period when the British coal- 
mojwuros were being formed, the whole of central England, 
Wales, Ireland, and i)art of Scotland, and part of the south of 
England, was covered with vast forests, was indeed probably 
miwle up of "broad swampy tree-covered fiats", on which 
flourished a most luxuriant vegetation consisting not only of 
small plants like those of peat-mosses, but also of large trees, 
all, however, belonging to comparatively low forms of vegetable 
life allied to the living ferns, mosses, club-mosses, and horse- 
tails. Here the plants lived, shed their leaves and spores, 
and ultimately died; a mass of vegetable matter thus accumu- 
lating, and in time acquiring great thickness. The dead vege- 
tal )lo matter gradually underwent decay, the less stable portions 
going first, and those more stable — such as the bark and spores 
— i-esisting the decomposing agencies more powerfully. Gradu- 
ally and very slowly the land then subsided, and at last the 
sea washed up over the morass, depositing layers of mud which 
afterwards became hardened into shale and sandstone. So 
gradually did this change take place that the soft mass of 
vegetable matter was not disturbed, many of the tree stumps 
remaining standing, and becoming embedded in the mud to be 
afterwards replaced by stone, the cast retaining the fotm of the 
tree. After the lapse of further ages the land ceased to sink, 
and again began to rise, the deposit became once more surface, 
trees sprang up, sending their roots down into the underclay 
and their stems up into the air, and once more an accumula- 
tion of vegetable matter commenced. In many instances this 
alternation was repeated a large num\)eT oi tVmfi^, ^n\\v^yv^ 
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to many layers of vegetable matter separated by beds of shale 
or sandstone, or in some cases, where the submergence had 
been greater, even limestone. In some places the land con- 
dition was more permanent than in others, and here beds of 
coal of greater thickness accumulated. 

As to the time taken by the formation of these deposits it is 
impossible to form even the vaguest conception — it was a very 
long time, and that is all that can be said. In some cases the 
thickness of a bed of coal representing a distinct period of 
growth may be less than an inch, in others it may be many 
yards; so also the interbedded shales, &c., may be very thin 
or may attain great thickness. 

After the formation of our chief coal-beds conditions under- 
went a more permanent change; the land sank again beneath 
the sea, and the regions where the luxuriant vegetation of 
the coal forests had flourished became sea-bottom, upon which 
beds of limestone, sandstone, &c., were deposited. Then other 
changes took "place. The rocks were upheaved and broken, 
parts being thrown above the surface of the sea. Denudation 
at once commenced by the action of water and air, the rocks 
exposed were washed away and carried into the sea, the re- 
mains of them helping to form fresh beds. Thus what had 
before been continuous deposits became broken up into the 
series of isolated coal basins as we have them now, though in 
many cases they have been since covered by other deposits. 
The arrangement of the deposits is not the same in all localities. 
"The remarkable small scattered coal basins of France and 
central Germany were probably from the first isolated areas 
of deposit, though they have suffered, in some cases very 
greatly, from subsequent plication and denudation. In Russia, 
and still more in China and western North America, carbon- 
iferous rocks cover thousands of square miles in horizontal or 
only very gently undulating sheets."^ 

It must not be supposed that all coal is of exactly the same 
age, or that the conditions of its deposition were in operation 
at all places at the same time. When, for inataiiee, tcwlOcl qS. 

i Oeikie, Text-Book of Geology, p. 804. 
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England and Ireland was at the bottom of the sea during the 
carboniferous limestone period, coal-beds were being formed in 
Lanarkshire. 

There is another variety of coal formed at about the same 
pericxl as the ordinary coal, the origin of which is slightly 
different. This is the cannel coal, which consists of coaly 
matter often more or less intimately mixed with clay or shale. 
This coal "always occurs in basin-shaped patches thinning 
away to nothing on all sides ",^ and frequently merging into 
mere car])oniferous shale, and it often contains fossil fishes. 
Cannel coal has pro})ably been formed from viegetable matter 
drifted down the streams into ponds or lakes; this matter 
being mixed with other sediment, and ultimately undergoing 
decay till it was reduced to the condition of mere pulp. Aa 
the mud would tend to deposit first, near the mouths of the 
streams these would be carbonaceous shales; and, as the dis- 
tance increaHcd, the substances held in suspension by the water 
would gradually contain less mud and more vegetable matter,, 
till ultimately the foi-mor would cease and the deposit become 
a mass of vegeta])le pulp. I 

Coal-l)e(ls occur in various parts of the world and, though ' 
as indicated al)ove they are of various geological ages, they 
all Ijelong to a very remote past. Wherever in any place there 
was a very luxuriant vegetation for a long period, followed by 
a time of depression, during which the sea flowed over the land 
and hy depositing mud protected the vegetable matter from 
complete decay, beds of coaly matter might be formed. Some 
bods belong to very much more recent periods than the true 
coals. 

Structure of Coal, — The vegetable matter of which coal 
is composed has undergone such complete mineralization that 
by the eye no trace of its vegetable structure can be seen. If 
ordinary coal be examined it is found "that it splits most 
easily in three directions nearly at right angles to one another, 
so that it comes away in rude cubical masses. Two of these 
planes are roughly at right angles to the planer «t boddinj^ 

1 Coa^ edited by Prat TtaKHEve, V. ^. 
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the rocks among which the coal occurs. The faces of the 
block on these sides are smooth and shining, and do not soil 
the fingers. One of the faces called the bord or cleat is very 
marked, the other called the end is less sharply defined. The 
third direction in which the coal naturally breaks is parallel 
to the bedding of the rocks above and beneath it; the planes 
of division in this direction are dull and greasy to the touch, 
owing to a thin layer or numerous patches of a dark black 
sooty substance which looks like charcoal, and is called mineral 
charcoal or mother of coal."^ 

" Thus coal may be said, speaking broadly, to be composed 
of two constituents: firstly mineral charcoal, and secondly 
coal proper. The nature of the mineral charcoal has long 
since been determined. Its structure shows it to consist of 
the remains of stems and leaves of plants reduced to a little 
more than their carbon. Again, some of the coal is made up 
of the crushed and flattened bark or outer coat of the stems of 
plants, the inner wood of which has completely decayed away."^ 
A considerable proportion of the coal is made up of material, 
vegetable, it is true, but certainly not the remains of the stems 
or leaves of plants, and it is now pretty clearly made out that 
it is composed of the remains of a vast number of spores of 
a plant allied to the Lepidodendron. It must be remembered 
that the great trees of the coal period all belonged to the 
cryptogams or non-flowering plants which are propagated by 
means of spores. 

When ordinary coal is ground into plates so thin that they 
become translucent and these are examined by means of a 
microscope by transmitted light, the coal is found to be com- 
posed of two parts, a yellowish translucent mass, and a dark 
opaque mass, and the yellowish mass is seen to be made up 
of small sac-like bodies which are the spores. Many coals 
seem to be almost entirely made up of spores, sometimes 
contained in sporangia, and the opaque matter is probably 
to a large extent also masses of spores which have undergone 
further mineralization. Coals which burn with a flame usually 

1 Ccal, edited by Prot Thorpe, p. 17. « Huxley, Collects Works, vol. viii. p. 141. 
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contain a large amount of spore matter. Spores of crypto- 
ganious plants are of a very highly resinous nature, and 
therefore would prolwibly resist the decomposing action of 
water and air far })etter than ordinary wood, and they con- 
tain a large amount of free hydrogen, and thus would be 
likely to burn with a flame. 

As metamorphosis goes on, the coal changes its character, 
the (juantity of bhick opupie matter increases until in anthra- 
cite this is in such large pro})ortion that it is impossible to get 
a translucent section at all. The black matter is probably only 
altered spore-matter, though Prof. Williamson regards it as 
altered " mother of coiil ". 

"Professor Huxley sUites that all the coals he has ft^Mwin^ 
agree more or less closely in this ultimate structure^ spoNS are 
always present, and in the best and purest coals they make 
up nearly the whole of the mass, and he accounts veiy aatu- 
facte )rily for the preservation of this part only of the plants 
on the ground that the resinous nature of the spores protected 
them from decay; while the wood rotted away, the bark^ which 
is rather less destructible, was the only part of the stem 
which eswiped, and thus appears in the mother of coal."^ 

Principal Dawson has pointed out that most of the coals of 
Canadfi are not composed mainly of spores, but of bark and 
other woody material. 

Some carbonaceous shales seem to contain spores in abun- 
dance. 

Distribution of Coal. — Coal is very ^ddely distributed 
over the world. Fig. 3 shows, as far as is known, the relative 
quantities of coal available in different countries. It is of 
course only a very rough approximation. 

Classification of Coals. — Coals may be classified in 

various ways. The following is convenient : — 

Lignite or Brown Coal. 

Bituminous or True Coals. 

Anthracite. 

Cannel Coal. 

I Cook p. sa. 
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'Lignite or Brown Coal. — ^This variety of coal is of more I 
Seent age than the trae coal, occurring in rocks of t«rtiiiry . 
ga, and it is therefore, aa might be expected, intermediate in 
omposition between wood and coal. It is very widely distri- 
wted over Europe, the most important deposits being those 
ih Bohomia, and as since their formation the rocks have under- 
gone comparatively little diaturlMnce, they do not He in basins 
ti-ue coal. There is only one British deposit, that of 




Bovey-Tracey in Devonshire, which ia probably of oligocene 
age. 

There are several varietiea of lignite. 

BitunUnmts wood has a brown colour, and shows its woody 
Btracture very distinctly, whence it is often called wood-coal. 

Brown coal or lignite proper is harder and more compact, 
shows the woody Btrticture less distinctly, and has a brown 
colour. 

Pitch Coal ia brownish-black or blaek in colour, breaks with 

oonehoidal pitch-like fracture, may bo dull or ahiny, and 
ao woody structure. 

■gotlignito often contains a large (iviaiA\\j^ (iliNij.^«t. 
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and some samples are very high in ash. The following an^ v^^ 
of Bovey lignite given by Dr. Percy may be taken as a typ^ '^ 



v/&rDoiif •!• ••• ••• ••« 

Hydrogen^ ... 

^^A VkL^^Uy ••• ••• ••• ••• 

^VOllf ••• ••• ••• ••• 

Examples or Lioniteb. 



Bovey. 


Ayerage. 


66-31 


68 


5-63 


5-5 


22-86 


26-5 


2-27 


2-0 



Volatile matter, 

Coke, 

Fixe<l carlx)n,... 

AhH 

Hulnhur, 

Mowture, 



1. 


2. 


8. 


4. 


64-02 


48-30 


46-6 


40-2 


45*98 


61-70 


64-4 


69-8 


36-08 


60-74 


41-86 


61-6 


9-9 


1-28 


12-64 


8-2 




— 


3-12 


— 


— 


24-64 


— 


1-21 



1, Bovey. 2, Fitch-coal, Servla (J. I. and S. I.). 8, Austria (Schlatter). 4, Coloradc 
(cretaceous age), Klose. 

Lignite kindles easily, burns with a long smoky flame, and 
has a low calorific power. If the powder be heated it does nol 
cake. 

Ijignito is very little used for metallurgical purposes, except 
in districts where no other fuel is available. 

Bituminous Coals. — Bituminous coals bum with a yel 
low luminous smoky flame resembling that of the mineral 
bitumen, whence the name. They are mostly black in colour, 
though some are brown, and they mostly soil the fingers. All 
bituminous coals of Great Britain belong to the carboniferous 
period. 

When a powdered coal is heated in a closed crucible or 
retort gaseous and liquid products of destructive distillation 
are given ofi^, and a solid residue of coke is left. According to 
the nature of this coke coals are divided into two great groups. 

Caking Coal. — Some coals when heated soften, appear to 
fuse, and the particles become aggregated into a continuous 
mass, so that the residual coke is hard, compact, and ahowp 
no trace of the original coal particlea. li «vw^ ^ tw 
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charged into a retort in lumps, the lumps will fuse together 
and yield a solid coherent mass. 

Non-Caking Coal. — With the extreme varieties of this 
class the coals undergo little apparent change on heating. 
They do not soften or fuse, and if the coal be powdered the 
particles do not' cohere, but the coke is a powder. In less 
extre^ae cases the particles cohere, but the mass does not 
swell up as a caking coal does, and the coke is soft and friable. 
If such coals be coked in lumps the pieces of coke retain the 
form of the coal, and if they cohere at all it is only slightly. 

There is every gradation between caking and non-caking 
coals, so that in many cases it is impossible to say where one 
ends and the other begins, but a coal is not usually spoken of 
as a caking coal unless it yields a fairly hard and coherent 
coke. 

Cause of Caking. — On what the property of caking 
depends has not yet been thoroughly made out. No doubt it 
is on the chemical composition, but certainly not merely on the 
relative quantities of carbon, hydrogen, oxygen, &c., which 
the coal contains, for two coals may have the same ultimate 
composition and yet one may cake and the other not. 

There are two classes of coal which do not cake — those poor 
in oxygen and rich in carbon, approaching therefore to the 
anthracites, and those rich in oxygen and poor in carbon, 
which approach more nearly to the lignites. As examples the 
following analyses given by Dr. Percy may be quoted : — 





Non-caking, poor 

in oxygen. Caking. 
Dowlais. Northumberland 


Non-caking, rich 
in oxygen. 
S. Stafford. 


Carbon, ... 


89 




78-66 .. 


. 76-12 


Hydrogen, 


... 4-43 




4-65 .. 


4-83 


Oxygen,... 


3-25 




13-66 .. 


. 16-72 


Nitrogen, 


-55 




•55 .. 


1-00 


Ash, 


1-20 




2-49 


2-33 



These figures do not seem to indicate any except the most 
general relationship between the composition and the caking 
property. Ash, sulphur, and nitrogen vary much in coals, 
and as they may vary between very wide limits without in 
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any way affecting the caking properties, they may be left 
out of account. In order to get at the relationship existing 
between the three essential elements the analyses should be 
written in such a way that the others do not interfere with 
the result. This may be done, as also suggested by Dr. Percy, 
by calculating, not the percentage of the whole mass, but the 
quantities combined with 100 parts of carbon. Written thus 
the three coals would give — 





1. 


8. 


8. 


Carlx)n, ... 


100 


.. 100 


.. 100 


Hydnigen, 


4*43 


4-65 


4-83 


Oxygen, 


... 6-28 . 


14-62 . 


.. 22-62 



Dr. Percy suggested as a generalization from a large number 
of experiments and analyses that when the quantity of oxygen, 
stated as a})()vc, tis a percentage of the carbon present, fell 
})etween 8 and 18, the coal would cake, whilst if it were lower 
or higher it would not. 

This cannot })e taken as an absolute rule, for there are many 
exceptions to it, but it holds good in a very large number of 
cases. 

Classification of Bituminous Coals. — Many attempts 
have been made to form a good classification of bituminous 
coals, l)ut owing to the great variety among them, and to the 
fact that many of their properties seem to vary independently 
of the rest, no very satisfactory classification is possible. That 
duo to Gr liner is pro])a])ly the best which has been proposed, 
and answers very well for practical purposes. Griiner's names 
for the classes are not in harmony with those in general use in 
this country, so it will probably be most convenient to trans- 
late them into their equivalents — 

Oruner's Names. Equivalent Names. 

1. Dry coal. Long flame. ... Non-caking coal. Long flame. 

2. Fat coal. „ „ 



3. „ „ Caking coal. 

4. „ „ Short flame. 

5. Lean coal. 



Gas coal. 
Furnace coal. 
Caking coal. 
Anthracitic coal. 



The following table gives the charaAter^ oi l\i"ei d\S[^TQ3\t 
coals: — 



rUBL8— WOOI^ FRAT, <30AL. 











^ 


PndBCKot 










5i 


































1 




|i 


-i.- 


i 






Nltun of Cuke. 




' 


1 


° 


t 


Jt 


H 


1 


i 




!. Km -cak- 


75 


5-5 


19-5 


1 


12 


18 


20 


60 


Pulverulent 


ing coaL 




to 


to 




to 


to 






oronlvBliiflit- 




80 


4'P3 


15 


3 


5 


15 


30 


60 


Iv coit^lt. 




80 


5'8 


14-2 


S 


5 


15 


20 


eo 


Caked, but 


2. Gaa ooal. - 




to 










to 


to 


with many 




85 


60 


10 


2 


S 


12 


17 




ori!vi(!eB.ar>ft. 


3. Furnace 
cobL 


85 
to 


50 
to 


11 

to 


2 
to 


S 
to 


to 


la 

to 


«8 


Caked. ModB- 
rattly eom- 


as 


5-5 


5-3 


1 


1 


10 


15 


74 


paot. 


J. Cokiog ] 
coal 1 


88 


5 '5 


fiO 
to 


1 


1 


10 


15 


lo 


Oaked. Very 


ai 


4 '5 


6-5 






S 


13 


fl2 


h^rf. 


5. Anthnwi- 


SO 
93 


4-5 
to 


6.5 


1 


1 



5 
2 


12 
to 


S2 

to 
90 


) Pulverulmt 
f or Bbghtly 
\ adherent. 



1. Non -caking Coal. Long Flame. — These coals con- 
tain a large quantity of oxygen and hydrogen. On dcBtnictive 
distillation they yield a large quantity of gas, and leave a 
residue or coke which usually retiiins the form of the himpa 
of coal heated, and if such a coal be coked in powder the coke 
has little cohesion, and therefore is soft and friable. The 
coals are black or brown in colour, often hard and stony in 
appearance, and give a distinctly brown powder. 

This class includes most of the hard splint coals used for blast- 
furnaces in Scotland and Staffordshire. These coals contain a 
considerable quantity of nitrogen, from 1 to 1 5 per cent, and on 
distillation in the blast-furnace yield ammonia equivalent to 
about 25 poundsof ammonium sulphate per ton of coal consumed. 

The specific gravity, unless the ash is very high, is about 
1'25, the available .hydrogen is very low, and the heating power 
therefore is also low. They burn with a long smoky flame, 
and yield on distOlation large quantities of tarry matters. 

Tieae coala occur ia ahtindanm in the coal-^dda oi ^sCRjiNsaA 
mnd»Iao in DerbyebiK and iStaffordahire, 
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1 


''XAMPLKrt OF 


CoALH OF Clash 1. 











1. 

42-:J 

57-7 

54-I» 

2-S 

•XM 

7-1 


•» 

42-05 

57-t»5 

5 J -00 

:j-J»5 

M5 

81 


3. 


4. i 


6. 


1 

6- i 

1 


V«»l:itil«- mat tor,.... 
('.»ki- 


;w-27 
t>0-7:i 
4«-0:J 
17-70 
•G 
10-40 


:ist*0 
«:M0 
4X10 
15-00 
•tM8 
. 8-i»5 ■ 


42-18 ' 

57-S2 : 

55-27 

2-55 

•53 


39-95 . 
CO-05 ■■ 


Ki \i 1 1 f;irl h hi 


56-30 i 


Asli 


3-75 


«...• 

Siiliiliur 


1-65 


Ml »ist u n* 











1. (iovaii. Hjiliiit. L*. KuHMll, splint. 3, ()vert<iii. 4, Wootlhill, wgc. 5, 8. Staffonl- 
Kliin- (i: \V. T. JitiK-M). (-1. H. Sluirordshlro, bottom coal (E. W. T. Joues). 

-. Gas Coals. -These cwiIh are bbick in colour, usually 
li.-ml and douse, uiid have a specific gnivity of a1)OUt 1*3. On 
distillation they yield a large ({uantity of gas, often as mucli 
as 17 to 20 /, or 10,000 to 11,000 cubic feet per ton; they 
contain a considerable <{uantity of nitrogen, <ind yield a good 
deal of ammonia. The coke left when the |K)wdered coal is 
hcatcfi is more coherent than that of CLoss 1, but is still f liable 
and too soft for 1)last-furnace use. If coked in lumps, the 
Inirips fnsc. together ]>ut do not entirely lose their identity. 
On heating, the coals soften s(miewhat, whence the name ^^fat" 
coals has luv'ii given to them. These coids arc in great demand 
for- V a I" ions pnrposes. They are used for gjis-making, and are 
very suitaMis for- use in reverberatory furnaces, as they burn 
with a long luminous ilame; the varieties which approach 
nearly to (-lass 1 are used in the blast-furnaco, and many of 
the Scot.ch splint coals ])eh)ng to this class. 

.'I. Furnace Coals. — These coids are among the most 
valuable for general use. Many varieties are used for domestic 
pnrpos(^s, and are connnonly wdled house coals. They are 
suitable, for I'tiverberatory -furnace use, and are used for gas- 
making, but ai-e too strongly caking for use in the blast-furnace. 
They are lihu'k, have a bright histre, are often soft and brittle 
(cluM'iy coal). They ])urn with a })right luminous flame. On 
htiating, th(>y soften and swell u]), the separate pieces adhering, 
and foiining a dense gray coke, in which almost if not quite 
all inwi} of origiiml pieces is lost. T\xe amount ol wiV^\«i\. ^sa 
distillation may amount to '^'^ 
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Examples of Coals of Classes 2 and 3. 



Volatile matter, 
Coke, 

Fixed carbon,... 

Ash, 

Sulphur, 

Moisture, 



1. 



30-60 

69-40 

63-20 

6-20 

5-85 



2. 



31-60 
68-40 
64-27 

4-13 
•91 

8-85 



8. 



33-30 
66-70 
65-29 

1-41 
•749 

6-44 



26-40 

73-60 

69-06 

4-54 

2-10 



25-18 

74-82 

67-47 

7-35 

•803 



6. 



28-60 

71-40 

69-98 

1-42 



1, Auchenaim, splint. 2, £11 No. 1. 3, Dunganrie, Blackband. 4, Bawkiston 
No. 2. 5, Berlin, Penn. (J. I. and S. !> 6, N. Wales (Mushet). 

4. Coking Coals. — These coals are black and shining, and 
are usually harder than those of Class 3, which, however, they 
resemble. On heating, they soften, swell up, and apparently 
fuse into a solid coherent coke, which is harder and more com- 
pact than that left by coals of Class 3, and may amount to as 
much as 80 per cent of the weight of the coal. They burn 
with a shorter flame than those of the preceding groups, and 
give less gas. They are used for household and furnace pur- 
poses, and for making coke. 

5. Anthracitic Coals. — ^These coals are bright black, and 
soil the fingers very slightly if at all. They are hard and com- 
pact, have a specific gravity of 1*35 to 1*4, ignite with difl&culty, 
and bum with very little flame or smoke. On distillation they 
yield about 90 per cent of a powdery or slightly coherent coke, 
and give off very little gas. These coals are largely used for heat- 
ing boilers, and are called Blind-coals or Smokeless Steam-coals. 

Examples of Coals of Classes 4 and 5. 





1. 


2. 


8. 


4. 


5. 


6. 


Volatile matter. 


24-90 

74-00 

72-71 

1-39 


21-12 

78-88 

77-38 

1-50 


20-15 

79-85 

72-99 

6-86 

-880 


23-70 

76-30 

73-56 

•74 


14-2 

85-8 

81-5 

4-3 

1-6 


10-43 

89-57 

83-34 

6-23 

1-03 

1-29 


Coke, 


T'ixed carbon. 


Ash, 


Sulphur. 


lifoisture. 





1. Oaresfield (Richardson). 2, Blaina, S. W. (Mushet). 3, Pittsburg, steam (J. O. 
Weeks). 4, Brymho, S. W. (Siushet). 5, South Wales, steam coaL 6, Pennsylvania, 
mtttfaciUo ooaL 
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Anthracite. — This coal represents a stage of mineralization 
beyond ordinary coal. It contains up to 98 per cent of carbon- 
On hciiting in a closed vessel it gives off very little, if any ga3, 
and leaves a residue of 96 to 98 per cent of its weight, which 
is ap|Mirently quite unaltered, and shows no sign of caking. 
Anthracite is very hard and brittle; it is bright, usually with, 
a nieUillic lustre, and often shows iridescent colours (Peacock 
coal). It is extremely difficult to ignite, burns without flame or 
smoke, and gives a very intense local temperature. It is used 
for fuiiKice puri^ses, and sometimes for iron-smelting blast- 
furnju'08. 

Anthracite is usually regarded as being coal which has been 
metamorphosed by the action of heat or other agencies. This 
is no doubt the case in many instances, but there is evidence 
tliat under some conditions ordinary coal may pass into anthra- 
cites wlien» no hcjit has been applied, and some coals tend to 
l)ocome anthracitic on exjwsure to the air. 

The siimo coal-field may yield both anthracites and bitumin- 
ous coals, as in the case of that of South Wales, where bitumin- 
ous coals occur at the east end of the field and gradually pass 
into anthracites at the west end. 

Cannel Coals. — These coals differ so much from the 
ordinary coals that they caimot be placed in the same group 
with them, })ut must be considered apart. Not only do they 
(lifter from ordinary bituminous coals in properties and com- 
position, but their mode of formation was probably also differ- 
ent. They are close and compact in texture, dull black in 
colour, break along joints, or with a cpnchoidal fracture, 
and often appear like black shales. They bum with a very 
long luminous or smoky flame, whence the name cannel 
(candle) coal. When heated they decrepitate with a cracking 
sound, and therefore are sometimes called parrot coals. On 
distillation they yield a very large quantity — 10,000 to 12,000 
cubic feet per ton — of highly illuminating gas, leaving a 
residue which often consists mostly of ash, and contains but 
little fixed carbon. Cannel coals are used entirely for gas- 
making. 



JTTBIiS — WOOD, PKAT, COAL. 

Examples of Anthbacttes and Cannels. 
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Volatile matter,. 

Coke, 

Fixed carbon,... 

Ash, 

Sulphur, 

Moisture, 



1. 



3-96 
9604 
8974 

6-30 
•585 

3-71 



2. 



8. 



407 

95-03 

94-10 

•93 



4-13 

95-87 
89-72 

6-15 
-58 

3-71 



7106 

28-94 

710 

21-84 

•24 

•4 



5. 



66-30 

33-70 

28-90 

4-80 

1-32 



6. 



50-8 

49-2 

47-76 

1-44 

1-76 

315 



1, Pennsylvania. 2, Cwra-Neath, S. W. (Mn^et). 3, New Zealand. 
CvaaeL 5, Kentucky Boghead (G. Macfarlane). 6, Longton CanneL 



4, Boghead 



The difference between ordinary bituminous coals and cannels 
is no doubt due to difference in the mode of formation, and the 
latter pass by insensible stages into mere bituminous shales. 

Passage from Wood to Coal. — The transformation of 
voody material into coal, and ultimately into anthracite, has 
taken place by a series of very complex changes, the exact 
nature of which is unknown. As decomposition goes on, in 
presence of a very limited supply of air, all the constituents 
of the wood are removed in the form of gases, but at very 
different rates, the oxygen being removed the fastest, next the 
hydrogen, and the carbon most slowly, so that the ultimate 
result is to increase the percentage of carbon in the residue 
as decomposition goes on. The relative rates of removal of 
oxygen and hydrogen are such that though the percentage of 
hydrogen falls, that of the available hydrogen increases up to 
a certain point, when it also begins to decrease. Much of the 
gas which is evolved cannot escape, and is therefore imprisoned 
in the coal, to be released when the coal is cut into in mining 
operations. The nature of the gases in coal-mines therefore 
gives some indication of the forms in which the lost constitu- 
ents have escaped from the coal. 

The following may be taken as examples of the gases found 
in coal-mines : — 



1. 



Mareh-gas (0 H4), 77*5 

Nitrogen (N), 21-1 

Oxygen (O), — 

Cknboa dioxide (CO2), 1 -30 

-4x15 * «... . 



2. 


3. 


4. 


91-8 


66-3 


7 


6-7 


6-32 


11 


•9 




— 


•7 


^•Q^ 




.^ 


^^^^^ 


\ 



"^^ 
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It is quite impossible to form any idea of the actual amount 
of material lost, or the relationship which it bears to that which 
is left, but probably the amount lost is enormously greater 
than that which remains. 

The following table, from Percy's Metallurgy, illustrates the 
nature of the changes by which woody matter has been trans- 
formed into coal. Ash, sulphur, and minor constituents are 
omitted, and the figures are calculated to 100 parts of carbon. 



l.Wood, 

2. Peat, 

3. Lignite, 

4. South StaflFordshire 10-yard coal, 

5. Steam coal, Tyne, 

6. Pentrefelin coal, S. Wales, 

7. Anthracite, U. S., 









Available 


Carbon. 


Hydrogen. 


Oxygen. 


Hydrogen. 


100 


12-18 


83-07 


1-8 


100 


9-85 


66-67 


2-89 


100 


8-37 


42-42 


3-07 


100 


6-12 


21-23 


3-67 


100 


5-91 


18-32 


3-62 


100 


4-75 


6-28 


4-09 


100 


2-84 


1-74 


2-63 



Water in Coal. — All coal as raised from the pit contains 
water in considerable quantity. On exposure to the air it 
loses most of this, till in the ordinary air-dried condition it 
usually retains from 2 to 4 per cent. On heating to 100' this 
water is expelled, but oxidation begins almost immediately 
and the sample increases in weight; it is therefore impossible 
to be quite sure of the exact amount of water in coal. 

Sulphur in Coal. — Sulphur is always present in coal; the 
amount usually varying from '5 to 3 per cent. The sulphur 
is present in at least three forms. 

The largest quantity is usually in the form of iron pyrites, 
Fe Sg. This is almost invariably present in coal, either in 
thin layers along the planes of bedding or in irregular distri- 
buted masses scattered through the coal, constituting what are 
called " coal-brasses ". Sometimes it is so abundant that it can 
be picked out and used as a source of sulphur for the manu- 
facture of sulphuric acid. AVhen coal containing pyrites is 
burned oxide of iron is formed, which remains in the ash, 
2 Fo S., + 1 1 = Fco O3 + 4 S O2. ^Yhen such coal is heated 
without acoess of air, the pyrites is split up, FeSg— FeS-|-S| 
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, the iron sulphide Temains in the coke, and the liberated sulphur 
combining with the carbon forms carbon disulphide, which 
escapes with the gas. Other reactions, however, also take 
place, so that it is not possible to calculate from the amount 
of pyrites the quantity of sulphur which will escape as gas and 
that which will remain with the coke. 
It is the sulphur present in the form of pyrites which is 
[ most objectionable for iron smelting and other purposes. 

Some sulphur is often present as calcium sulphate, Ca SO4. 
If it remained in this condition it would probably not be objec- 
tionable for most purposes, but, heated to a high temperature 
with excess of carbon, it is decomposed and calcium sulphide 
is left, which is very deleterious in a coal to be used for iron 
smelting, Ca SO4 + 4 C = Ca S + 4 CO. 

A third portion of the sulphur is present in some unknown 
state of combination with organic matter. 

Chlorine in Coal. — Chlorine is almost always present in 

coal, though it is usually overlooked, as, unless special care 

be taken in burning, it cannot be detected in the ash. The 

chlorine is probably present in the form of sodium chloride, 

which when the coal is burned is decomposed by the silica of 

the ash, evolving chlorine or hydrochloric acid, usually the 

■ latter. The following quantities have been found by the 

author in samples- of coal:— -069, -099, -217, -094, -118, -113, 

•207, -084. These quantities may seem small, but they are 

quite enough to rapidly corrode the interior of brass or copper 

boiler tubes. This is shown by the fact that the deposit from 

the interior of such tubes usually contains a considerable 

quantity of copper-chloride or oxychloride. The presence of 

chlorine is of little importance to the metallurgist, but it is of 

vital importance to the engineer who uses the coal for firing 

boilers fitted with brass or copper tubes. 

Phosphorus in Coal. — Phosphorus is always present in 
f coal, usually as calcium phosphate; the quantity of phosphoric 
: Pg Og, ranging in ordinary cases from *! to 1"^?> ^^^ ^^"^^ 
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Nitrogen in Coal. — All coals contain nitrogen in 
proportion, though in many analyses this is not stated, the ■ 
nitrogen being taken with the oxygen. The amount is largest 
in the long-flame coals such as the splints, and least in the 
anthracites. When the coals are distilled about 15 per cent or 
more of the nitrogen is evolved as ammonia, the rest remaining 
in the coke or escaping in the free state. Splint coals contain 
on an average about 1*5% of nitrogen and anthracite coals 
about -7%. 

Ash of Coal. — All coals leave when burned a quantity of 
non-comlmstible residue or ash, varying in amount from 1 
to 10 per cent or more. The ash is quite different in com- 
position to that of wood, and can only to a very small extent 
1)0 regarded as being derived from the original plants from 
which the coal was formed, but mostly as foreign matter which 
lias been carried in. 

The following may be taken as eicamples of the composition 
of coal ash : — 



Amount of Ash, 

Silica, 

Alumina, 

(Jxide of inm, 

Lime, 

Magnesia, 

Sulphuric acid (8 O3), 

Phosphoric acid (PaOa),.. 



1. 
6-62 



40-00 

4478 

12-00 

trace 

2-22 

•75 



99-75 



2. 
6-94 



28-87 

86-95 

5-10 

1-19 

7-23 

•74 



98-08 



3. 
2-91 



34-21 

52-00 

619 

•66 

4^12 

6-63 



97-82 



4. 

14-72 



53-00 

35-01 

3-96 

2-26 

4-89 

•88 



99-92 



It will be noticed that the alkalies, which were very abundant 
in the ash of the plants, have disappeared, and that the bulk 
of the ash seems to be made up of clayey matter. It is, how- 
ever, noteworthy that the plants which approach most nearly 
to those of the coal-measures are the only ones the ash of which 
contains any considerable quantity of alumina. 

This residue or ash does not repreaent t\ift iottaa \w^\^s^ 
the mineral comtituenta wore prwent m tit^ ^o83^ »» wjo^xMdaa 
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all organic or volatile compounds containing metals, 
\ the metals as oxides. Any iron pyrites is converted 
oxide, and this imparts a reddish colour to the ash, 
• things being equal, the more pyrites is present the 
11 be the ash. In the case of coals containing a very 
the large amount of white residue may completely 
ed colour of the oxide of iron, 
lount of ash is of great importance, and for many 
10 is its quality, as, for instance, whether it fuses into 
)r whether it is infusible. 

FD Composition peb cent by Volume of the Gas evolved 
TAIN Coals op Northumberland and Durham (? at 20** C). 





Number of Cabic 

CeDtimetres of Oas 

yielded by 100 


Ck>mpo8ition of the Qas. 














Grammes of CoaL 


COj, 


0. 


X. 


CH4. 


ain Seam — 












:e Main Colliery, 


25-2 


5-55 


2-28 


85-65 


6-52 


n Seam — 












:e Main Colliery, 


307 


8-54 


2-95 


61-97 


26-54 


ioal Seam — 












I CoUierv. 


27-0 


20-86 


4-83 


74-31 




larters Seam — 


mm 9 ^0 










I CoUieiy (30 












s from surface),. 


24-4 


16-51 


5-65 


77-84 


trace 


larters Seam — 












te Grange Col- 












'4 fathoms), 


91-2 


-34 


trace 


13-86 


85-80 


ain Seam — 












te Grange Col- 












.08 fathoms) 


23-8 


115 


•19 


14-62 


84-05 


Seam — 












te Grange Col- 












.48 fathoms), 


211-2 


•23 


•55 


9-61 


89^61 


trHarveySeam — 












lOuse Close Col- 












!5 fathoms), 


84-0 


5-31 


•63 


44-05 


50^01 



Elements in Coals. — Arsenic has been found in 
aall quantities up to '2%. So has copper. Galena 
)lende have been found, and more recently vanadium. 

CoaL — Coal, when freshly VFon, wsvxa% <iwv\«av^ 
'^in quantity of gas. On ex^o^vxi^ \a ^'^ 
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air, especially if warm, the gases are slowly given off, and ( 
heating to 50' C. they are rapidly expelled. The quantity 
gas may be many times the volume of the coal, and may va 
very much l>oth in quantity and composition, as is shown ' 
the analyses from Percy's Metallurgy on p. 77. 

It will be seen that the gases are much the same as s 
usually found in coal-mines, which indeed is exactly wl 
would bo expected. It will also be noticed that the gases i 
of two classes, the one containing little or no marsh-gas, a 
therefore non-explosive, and the other containing a consid 
able quantity of this, and therefore explosive; and the nati 
of these gases is sufficient to explain why some pits are fie 
and others are not. The evolution of these combustible gai 
in a closed space may account for many explosions on sh 
board or in other places where coals are stored. 

Weathering of Coal. — When coal is exposed to the 
it undergoes changes which are called weathering. They i 
mostly due to oxidation by the action of atmospheric oxyg 
and often have a serious effect on the value of the coal, 
ducing its calorific power and diminishing its power of coki 
Both the carbon and the hydrogen undergo oxidation, i 
the availa})le hydrogen is reduced. Iron pyrites present is a 
readily oxidized, especially in presence of moisture, the exj 
sion thus produced often causing the coal to fall to pieces. 

These changes take place more readily the warmer the c 
and as they all evolve heat, once they start, they are lit 
to go on at an accelerating rate, unless the temperature 
be reduced. Under certain conditions, as, for instance, w 
the coal is stored in close, unventilated chambers, especial! 
much pyrites be present, the temperature may rise to ignil 
point, and the mass then take fire. This is usually spokei 
as the spontaneous ignition of coal. 

Chemical Composition ot Coal. — The ultimate c 

position of coal is easily determined by the ordinary meth 

of organic .analysis, but this throws ivo \\^\i\) ^iDL-a.tekVQ.i: on 

constitution. If the coal be \ieated in a c\o^e^^^«a^>^ 
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the carbon — ^the fixed carbon — is left in the residue, the 
remainder — ^the volatile carbon — goes oflf in the gases. The 
relative amounts of the two forms of carbon are not fixed for 
, a particular specimen of coal, but vary somewhat with the 
temperature and rate of heating ; and as they are the results 
of destructive distillation, by which complex substances are 
broken down into simpler forms, they do not represent in 
any way the form in which the carbon is present in the coal. 

Many attempts have been made to ascertain the proximate 
composition of coal by the action of solvents, but they have 
* not been very successful. The most elaborate researches in 
this direction were those of Fr^my. He found that in the 
case of lignites the brown varieties were partially soluble in 
alkalies, and almost completely so in nitric acid and hypo- 
chlorites, whilst the black varieties were not acted on by 
alkalies, but dissolved in nitric acid and hypochlorites. The 
bituminous coals did not dissolve in alkalies or in hypo- 
chlorites, but both bituminous coals and anthracites dissolved 
completely in a mixture of sulphuric acid and nitric acid, 
producing dark-brown solutions containing ulmic compounds, 
which were completely precipitated by water. 

Valuation of Fuels. — ^The value of a fuel will obviously 
be a function of its calorific power; but it will not vary directly 
with this, for there are many shales and similar substances 
which have a measurable calorific power, but no value as fuels. 
The value of a fuel therefore falls much more rapidly than the 
calorific power. 

No absolute rules can be given for calculating the actual 
money value of a fuel, but the following points must be taken 
into account; and it must be remembered that a coal may 
We more value for some one special purpose than it would 
We for any other : — 

1. Calorific power or absolute heating effect. 

2. Calorific intensity or pyrometric heating effect. 

3. The amount of ash. A large amount of ash is very 
ohjectionahle; it reduces the amount of com\)\\at\\A^ Taa.\)mal 

present, and its removal and disposal entai\a tto\i\i\^ ^^^ 
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expense. The carriage of the ash has to be paid for at the 
same rate as that of the combustible portion of the coal, and 
the ash or clinker will also have to be carted away, and for a 
given amount of heating power more coal will have to bo 
supplied to the furnace, and this entails more labour. The 
ash usually falls from the furnace hot, and carries with it a 
certain amount of heat. The specific heat of ash being taken 
as % and it being heated, say, to 1000° F. for each pound of 
ash, the loss of heat will be '2 x 1000 = 200 units. 

4. The nature of the ash, whether it clinkers or not. 

5. The coking power of the coal. 

6. The length of the flame. 

7. The amount of sulphur, chlorine, &c., which it contains. 
These last do not so much alter the value as render it unfit 
for special purposes. 

Pyrites as Fuel. — In some metallurgical operations where 
pyrites is present no additional fuel is necessary, the heat 
evolved by the burning sulphur being all that is required. 
In this case the pyrites must be considered as a fuel. The 
calorific power of sulphur is 4000 B.T.U., or 2222 C. units; but 
the combustion of pyrites is not a simple combination. The 
equation 2 FeSg +110 = FcgOg + 4 SOg shows it to consist of at 
least three parts — 

1. Decomposition of two molecules of pyrites. 

2. Formation of four molecules of sulphur dioxide. 

3. Formation of one molecule of ferric oxide. 

The heat values of which will be : — 

The heat of formation of FeSg is not known. Assuming it 
to be the same as FeS, i.e. that the separation of the second 
atom of sulphur neither evolves nor absorbs heat — an assump- 
tion which cannot be correct, but which will not be far out — 
then, in C units. 



1. 23800 - 


x2 


^ 


47600 - 


2. 71000 + 


x4 


^ 


284000 + 


3. 199400 + 


xl 


^^ 


199400 + 



= Total heat of reactions, 531000 + 
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which, divided by 240, the weight of the two molecules of 
■ pyrites (FeSg), gives 2212 as the calorific power of pyrites, 
and divided by 128 gives 4148 as the calorific power of sulphur 
when present as pjnntes. 
In R T. U. the figures would be — 



1. 42840- 


x2 


= 


86680 - 


2. 127800- 


x4 


= 


511200 + 


3. 358920 


xl 


= 


358920 + 



Total heat of reactions, 955800 + 



or the calorific power of pyrites is 3982, and of sulphur in the 
form of pyrites 7467. 



Table of Calobifio Powers. 



Carbon solid to carbon dioxide, 

Carbon gaseous to carbon dioxide, 

Carbon to carbon monoxide, 

Hydrogen, 

Marsh-gas (O H4), 

Ethylene (CaH^), 

I^UIIJUUa* *•• •«« ••• ••• • m • ••• 

Pjrrites FeS^ to ferric oxide and sulphur dioxide. 



C. unite. 


B. T. U. 


8080 


14500 


11368 


20388 


2400 


4320 


34180 


61524 


13349 


24021 


11823 


21343 


2220 


3996 


2212 


3982 



CHAPTER IV. 

SOLID PREPARED FUELS— CHARCOAL PEAT, CHARCOAL COKE. 

Charcoal. — When wood is heated in closed retorts a black 
residue of charcoal is left. This amounts to about 26% of the 
weight of the wood. If finely divided wood, as for instance 
sawdust, be heated, the charcoal will be in powder; but if a 
piece of wood be used, the charcoal will retain the form of the 
wood so perfectly that it will show distinctly the annual rings 
of growth of the wood. 

Charcoal was once a very important fuel, but is now only 
used in a few minor metallurgical operations. 

(X252) V 
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Properties of Charcoal. — Charcoal is dull black, soils 
the fingers slightly if of good quality, but very much if of 
poor quality. It should ring when struck, and should show 
the annual rings of growth very distinctly. It should ignite 
quite readily, and once ignited should continue burning till it 
is completely consumed. The temperature at which ignition 
takes place depends on the temperature at which the charcoal 
was prepared, the higher the temperature of charring the 
higher the temperature of ignition. It is worth noting that 
in the case of charcoal prepared at a low temperature, the igni- 
tion temperature is always higher than that of preparation, so 
that a hot-air pipe or other source of moderate heat, though 
it may char wood, is not likely to ignite the charcoal. 



I 



* Temperature of 
Preparation. 

SOOO** F. 1650'' C. 


Temperature of 
Ignition. 

2500'' F. 1371" C. 


2500 1371 


1300 




705 


2000 1093 


1100 




593 


1500 815 


900 




482 


1000 338 


800 




427 


600 266 


650 




343 



Charcoal absorbs gases very readily, and as a rule the lower 
the temperature at which it is prepared the greater is its 
absorbing power. Ammonia and hydrogen-sulphide are among 
the gases which are absorbed most readily. Charcoal saturated 
with a combustible gas may take fire on coming in contact 
with air or oxygen. 

The density of charcoal varies with the nature of the wood 
from which it was prepared, the dense woods giving a dense 
charcoal, and the light woods a light charcoal. The specific 
gravity of charcoal varies from about "203 to •134, about '2 
being a fair average. The real density of carbon in the form 
of wood charcoal is about 2, so that the lightness of charcoal 
is due entirely to its porosity. Charcoal absorbs water on 
exposure to moist air, and may under ordinary ' conditions, 
though appearing quite dry, contain about 10%. 

* Thurston, Materials of Engineering^ vol i. p. 184. 
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Composition of Charcoal. — Charcoal is not pure carbon, 
as it is often considered to be, but always contains hydrogen, 
oxygen, nitrogen, and ash. The average composition may 
be taken as carbon 95, hydrogen '5, oxygen 1*5, ash 3*0. 
Charcoal should not lose anything but water on ignition.^ If 
combustible gases are given off it is evidence that the wood 
has not been perfectly charred. 

Charcoal as a Fuel. — Charcoal is an excellent fuel for 
many purposes. When in small quantity at a low temperature 
it burns with a glow, the product being almost entirely carbon 
dioxide, though a small quantity of carbon monoxide is usually 
formed and frequently escapes combustion. At high tempera- 
tures large quantities of carbon monoxide are formed which 
burn with the characteristic pale-blue flame. Owing to the 
porosity of charcoal, air finds its way into the mass, and com- 
bustion takes place very readily. Its heating power is very 
bigh (about 13700 B.T.U.). Owing to the way in which it 
burns, and the absence of luminosity in the flame, it is better 
suited for blast-furnaces where it heats by contact, or open 
fires where it heats by direct radiation, than for reverberatory 
furnaces where radiation from the flame is the source of heat. 

The ash contains only very small quantities of deleterious 
impurities. Hence charcoal has been used for the prepa- 
ration of a very pure iron in blast-furnaces, iron so made 
being called charcoal-iron, and being highly valued. It can 
only be used in small blast-furnaces, as it is very friable and 
crushes easily if the superincumbent charge be too heavy; and 
for the same reason loss in transit is very considerable, often 
reaching 10% of the weight. 

For domestic use charcoal is very objectionable, unless 
burned in a fireplace with a very good draught, on account of 

^According to Desmond, charcoal when heated to redness gives off 17 to 25 times 
Its own volume of gas, having the composition — 

Carbon dioxide, 9-14 

Oxygen, -26 

Carbon monoxide, 18*08 

Hydr(^n, 4911 

Marsli-gas, 1604 

Nitrogen, .. 7 37 
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the poisonous carbon monoxide which is formed, aod wMcbf 
being odourleae and colourless, is not easily detected. 

Red Charcoal (Rolhkohle). — This is merely wood wMcb 
has been charred at a very low temperature; it has a brown 
colour, retains much oxygen and hydrogen, and is inter- 
mediate in composition between wood and charcoaL 

Preparation of Charcoal in Circular Piles.— Thi§ 
method of charcoal burning has been in use from a very remote, 
period. It ia the method which was used in Great Britain 
when charcoal was largely used for smelting iron in the small 
blast-furnaces of the south of England, and it is still practised 




in the etst of Europe where charcoal is used for smelting 

purposes 

A plot of dr} le^el ground is selected, as sheltered as pos- 
sible from the wind ind nhich should have a slight inclination 
donnwirds from the centre In the centre three upnght 
st<ikes, about 7 feet long are driven into the gtound at dis 
tani,es of about i foot apart so as to form in plan an equilateral 
triangle, and these are kept in position by short cross-pieces of 
wood placed at intervals. 

Pieces of wood cut to a uniform length of about 2 ft, 6 ins. 
are stacked round this central triangular chimney in a series 
of concentric rings, till the heap is 5 or 6 feet in diameter. 
The pieces at the centre are nearly vertical, and the slope is 
made to increase slightly towards the circumference. On the 
top of this is stacked another similar series of pieces of about 
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the same length, but placed a little more inclined, and on the 
top of this a layer of brushwood or other small wood, so as 
to give the heap a roughly semicircular section. Round the 
base of the heap is now driven a ring of Y sticks, so placed 
that the fork is about 6 inches above the ground, and resting 
on these forks are placed a series of bars of wood so as to form 
a ring encircling the heap. A cover is now made by putting 
sods, grass side inwards, over the heap, commencing at the ring 
'resting on the forked sticks and terminating at the mouth of 
the chimney, and when this is finished the surface is plastered 
over with moistened charcoal dust so as to make it as air-tight 
as possible. 

The space within the three central stakes is now filled with 
easily combustible wood, which is lighted, and as this burns 
away more is added, till the centre of the pile is well alight. 
Then the top of the chimney is closed with turf, the surface 
of the pile examined, and if it shows signs of sinking anywhere 
the cover is quickly removed at the spot, brushwood introduced, 
and the cover replaced, and the heap is left to itself for several 
days. 

The heat of the combustion in the centre of the pile dries 

the wood. The moisture partly escapes as steam, and partly 

condensing on the inside of the cover runs down and escapes 

as water. This is therefore called the sweating stage. When 

this is complete the openings round the bottom are closed 

with turf. The cover is again carefully examined, and if it 

shows signs of cracking it is repaired with turf wherever 

necessary, and the heap is left for two or three days. At the 

end of that time a series of openings are made round the foot 

of the pile and another series at about the level of the top of 

the lower row of wood. Air enters the lower openings, and 

dense yellow smoke escapes from the upper ones. After a 

time the smoke becomes paler and less dense, and ultimately 

is replaced by a pale almost invisible haze. The upper row of 

holes is then closed, and another row is opened lower down, 

^e phenomena, take place, and ao oxi\i^ ^i»:^<^w- 
h The openings are tlien aW do«»^^^ ^w^SJcl^ 
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heap is left at rest for two or three days, after which the eoret I 
ia removed, the charcoal drawn, and at once quenched with ] 
aaiid or water and stacked for the market. The heap ia 
usiiftUy drawn at night, as then it is much easier to see any 
unextinguished sparks. The whole operation takes about ten 
or fifteen days. These circular piles are called in Germiitt 
Meiler, 

The form of heap and arrangement of the wood have been 
modified in different districts. The wood may be stacked 
horizontally instead of vertically, and the chimney may bo 




replaced by a solid stake, the heap then being lighted bj 

radial passages at the base 

In hweden large rectangular pdes are used, the wood being 
placed honzontally and transversely, and resting on longitudinal 
beams R, so as to allow of the circulation of air underneath. The 
vertical sides are protected from thff air by vertical screens of 
wood, the space between which and the ends of the pieces of 
w-ood is rammed with charcoal dust, and the top and the 
sloping end is made air-tight with a cover of turf or charcoal 
dust V, exactly as in the circular piles. The heap is lighted 
from a horizontal passage K left near the lower end, and when 
air is admitted it gets in through openings below the bottom 
of the pile. 

Theory of the Process. — ^This is comparatively simpla 
During the early stages some of the wood In the centre of 
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the pile bums, and the heat partially dries the rest. During 
the second stage carbonization goes on very slowly, and the 
whole heap becomes hot. At the expiration of this stage the 
wood in the centre is well charred, that at the circumference 
is only quite dried or slightly charred. When the openings 
are made at the bottom and round the pile a current is set up, 
air enters through the lower openings, travels by the path of 
least resistance, which is along the base of the pile, and then 
up through the partially charred wood, which will have shrunk 
very much, and thus left room for the passage of the air. 
Combustion at once becomes vigorous, the volatile matter is 
distilled from the wood, and dense yellow smoke escapes. As 
the charring is completed the evolution of smoke ceases and 
the charcoal itself bums, and an almost colourless vapour alone 
escapes. The upper holes are then stopped, and another row 
opened lower down. During this third stage there will be 
thus three zones: (1) a zone of charcoal, where the carbon- 
ization is complete; (2) a zone of charring wood near the open- 
ing; and (3) a zone of dry partially charred wood. The zone 
2 moves downwards as the charring goes on. During charring 
there is a constant shrinking, and the cover not being rigid 
fells down and keeps in contact with the surface of the charcoal. 
The gases which are evolved contain nitrogen, carbon 
[ Dionoxide, carbon dioxide, and hydrogen. A sample analysed 
^y Ebelman gave — 

Carbon monoxide, 9*33 

Carbon dioxide, 25*89 

Hydrogen, ... ... ... ... ... ... ... 9'28 

Nitrogen, ... .... ... ... ... ... ... 55*56 

**^om the composition of the gases Ebelman concludes that the 
^^^t of the pile is kept up by the combustion of the fixed 
'^^l)on or charcoal. It seems, however, likely that a consider- 
^l^ portion at least of the heat may be derived from the 
^^^ning of the combustible gases which are given off. 

/cf of Charcoal. — The yield will natuxaXVy n^t^ n^SjOc^ 
nre of the wood and its condition as to AT^ii^'ss>, ^^v 



anil the method of conducting the operation. The yielr) bf 
weight is almut '20 por cenl, but oflener leaa than more. Ptircj' 
givc« the limite &a from 15 to 38 per cent, though it ia doubt 
fill if the hitter figure is over reached in an ordinary meiler 
The yiuh) hy voluma ia about 67 to 68 per cent. 

The rat« and temperature of charring influence the reanlt 
very much; the more rapid the charring the less is the yield. 
In one wise given by Kareteti, an experiment was made witb 
young oHk-woud, and it gave with rapid charring 1561 per 
cent, and with slow charring 2B-6 per cent. 

Charring in Kilns.— Many forms of kihi have been sag- 
gcHtiid for charcoal huniing. They are all similar in principle, 




ns.S.-'JlinRlAtl' 



though they vary very much in detail. One in use in Amerie* 
may be doacriljed as a type. The kiln ia l>ee-hive in fonn,i 
and ia built of fire-brick. It is provided with two openings, a 
(a) at the bottom and the other (b) in the dome, which can 
closed, when the kiln is in use, by iron doora. Near the bott( 
of the kiln are three rows of holes about 3 ins. by 4 ins., a 
2 feet apart, the rows being about 1 foot apart. These holi 
are stopped with clay when not required. The wood used 
pine; it is cut into lengths and stacked through the bol 
door aa far as possible, then the charging ia cowiWxeil 
tic upper door irom the platform (e!) tffl the V.\\i\ St lv\\\. 
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charge is lighted through the bottom door, the upper door 
being also left open, and as soon as combustion has fairly 
started both doors are closed and luted. The air then enters 
through the lower openings, and the products of combustion 
escape through the upper ones ; and when combustion is com- 
plete all the holes are thoroughly stopped with clay, and the 
kiln is allowed to cool. 

The charring takes about eight days and the cooling about 
four more. Each kiln holds about 3350 cubic feet of wood, 
and produces about 1300 bushels of charcoal. 

The Pierce Process. — ^This process was devised in 1876 
for the preparation of charcoal and the recovery of by-products. 
It is now largely used in the United States. Some of the kilns 
are made of large size, capable of treating as much as 60 tons 
of wood at one time. 

The wood is heated in brick-kilns, which in the first works 
^ere 32 feet in diameter and 16 feet high in the centre, and 
lieJd fifty-five cords of wood. The oven being charged with 
^ood, gas from a previous operation, together with the requisite 
amount of air for its combustion, is sent in by means of steam 
jets. As the wood dries, steam is given off, which is allowed 
^ escape into the air. After ab6ut eighteen hours the wood 
is quite dry and distillation begins. The top of the kiln is 
then closed, and the exit tubes are connected with the con- 
densers. The products of distillation are drawn away by means 
of fans and passed to the condensing apparatus, and the un- 
condensed gases mixed with the proper proportion of air are 
returned to the kiln. The carbonizing occupies six or eight 
days, after which the kiln is allowed to cool and the charcoal is 
drawn. The whole operation — charging, carbonizing, cooling, 
and discharging — occupies about eight days. There is more 
gas than is required for charring, and the excess is used for 
raising steam. The kilns are set in batteries of sixteen, each 
set having its own fan and condensers. 

The condensers are a series of copper pipes, set in wooden 
boxes about 4 feet square and 14 feet long, through which 
water circulates. 
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The charcoal is said to be excellent quality, and the yield is— 





Per Cent. 


Per Cord of Wood.i 


Charcoal, 


.. 25-30 ... 


50*6 bushels. 


Methyl alcohol, 


•75 ... 


4 '4 gallons. 


Acetic acid, 


1-00 ... 


4-6 „ 


Tar, 


... 4-00 ... 


16-5 „ 


Water, 


... 45-95 ... 


220-r „ 


Permanent gases, . . . 


... 23-00 ... 


11,000 c. ft. 



The charcoal produced weighs about 20 lbs. per bushel, that 
made from the s«ime wood by the ordinary processes weighing 
16 pounds per bushel. 

Comparison of Methods of Charcoal Burners.^ 



Method of Ck>king. 


Wood. 


Yield. 1 


%VoL 


% Weight 


RetortH, 

Swedish meilers, 
American kilns, 
American meilers. 


Dry pine, ... 
Fir and pine. 
Yellow pine, 


81 
52-5 
54-7 
42 


27-7 
18-3 
22-0 
17-1 



Distillation in Retorts. — In this country most of the 
charcoal used is produced as a by-product in the manufacture 
of pyroligneous (acetic) acid, by distillation in iron retorts. 
The charcoal thus obtained is of very inferior quality, not 
because the process cannot yield good charcoal, but because the 
wood is selected not because it will make a good charcoal, hut 
because it will give a good yield of acid and the other products 
which are required. The yield of charcoal in retorts is much 
higher than that in heaps, often reaching 27 per cent. 

Peat Charcoal. — Peat in its ordinary condition does not 
make a. useful charcoal, as the residue which it leaves on distil- 
lation is very incoherent, and is quite incapable of supporting 
pressure. Many methods have been suggested for preparing a 
good charcoal from peat. They almost all consist in pulping 
the mass, separating the stones and roots, pressing into blocks, 

1 A cord of wood is 128 cubic feet, equal to about 73 cubic feet of solid wood. 
i Journal of (T.S. Association of Charcoal Ironworkers, No. iv., 1883. 



SOLID PREPARED FUELS— CHARCOAL PEAT, CHARCOAL COKE. 91 

and then charring in retorts externally heated, or in super- 
[ heated steam. By these means a fair charcoal can be obtained, 
but not one that can compete, either in quality or price, with 
other forms of fuel. 

Coke. — ^When coal is heated without access of air, volatile, 
gaseous, and liquid products are given off, and a residue of 
coke is left, so that coke bears exactly the same relation to coal 
that charcoal does to wood. A coal which yields a coherent 
coke is said to be a coking or caking coal, but comparatively 
few coals yield a good coke. Coke is used in a large number 
of metallurgical operations, for which coal is not suited, espe- 
cially for operations carried on in blast-furnaces and shallow 
hearths. 

Coal may be distilled for either of the three products — the 
coke, the gas, or the tar and ammonia liquor, — and in each case 
the others are considered as by-products. In all cases special 
attention is paid to the substance which is the chief product 
and less to the by-products, so that these latter are often of 
inferior quality. Only those processes in which coke is the 
main product will be considered in this chapter. 

Properties of Coke. — Coke varies enormously in proper- 
ties according to (1) the nature of the coal from which it is 
made, and (2) the way in which the coking is carried out. 

In general, two varieties of coke are made : — 

(1) Soft coke, often called smithy char, used for smiths' 
forges and similar purposes; and (2) dense or furnace coke, 
suitable for use in the blast-furnace, and in many metallurgical 
operations. 

Soft coke is black and porous. It kindles readily, is soft and 
brittle, and will not stand great pressure. 

Furnace coke is hard, dense, and strong, bearing great pressure 

without crushing. It ignites with considerable difficulty, and 

has almost a metallic ring when struck. Coke made in the 

K»ehive oven has a dark-gray colour, with a metallic lustre, and 

' '^nar fragments. That made m SmowCj^^x^'ak 

'act and dull without luatre, an^ \yc^^^ 
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into roughly rhombohedral lumps. The specific gravity of 
coke is about '9, and as the carbon has a specific gravity of 
about 2, over 50 per cent of the mass must be spaces. Coke is 
not pure carbon, but in addition to the ash it always contains 
small quantities of hydrogen and oxygen, as is shown by the 
following analyses : — 





1. 


2. 


3. 


Carbon, ... 

Hydrogen, 

Oxygen, 

Nitrogen, 

Ash, 


86-84 

•62 

1-38 

•86 

11^40 


93-15 

•72 

•90 

1-28 

3-95 


84-92 

4-53 

6-66 

•65 

2^28 



1, Dunkinfleld (Percy). 2, Best Durham (Kubale). 8, Average Durham (Kubale). 

On heating, it should lose nothing but water. Many cokes, 
however, if they are powdered and heated to redness, lose 
sensibly in weight, after all moisture is expelled, as is shown 
by the following examples: — 





1. 


2. 


8. 


4. 


6. 


6. 


Volatile matter. 






^.^ 


•460 




7-8 


Fixed carbon, ... 


92-59 


87-57 


90-31 


89-576 


87-06 


86-25 


Ash, 


9-89 


10-15 


8-45 


9113 


7-60 


5-95 


Sulphur, 


•66 


1-73 


1-246 


•821 


1-95 


•735 


Moisture, 


-30 


-55 




•21 


3-50 





1, Welsh (Jones). 2, Yorkshire (Jones). 3, Scotch. 4, €k>nnell8yille. 5, Gas coke 
(Pilkington). C, Scotch, smithy char. 

« 

In practice, coke is usually assumed to contain 90 per cent 
carbon. 

Strength of Coke. — ^The crushing strength of coke varies. 
A coke for blast-furnace use should be very strong.* Good 
cokes have a crushing strength of from 500 to 1500 lbs. per 
square inch. It is, however, much less at high temperature; 
one sample gave 597 lbs. in the cold, but at a red heat only 
398 lbs. 

The density of coke varies very much, as is shown by the 
following: — 
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Coke. Apparent density. Seal density. 

Copp^ 1-01 ... 1*81 

•77 1 '7R 

Beehive, I'll ... 1*78 

Coke as a Fuel. — Coke is an excellent fuel for many pur- 
poses, but especially for use under such conditions that it heats 
either by contact or by radiation, and where flame is not neces- 
sary. It has a greater calorific power, weight for weight, than 
coal. It is mainly used in blast and similar furnaces, and in 
these it is only the solid carbon which is burnt usefully, any 
volatile, combustible matters being expelled before combustion 
can take place, hence the necessity for a weU-made coke. 

In the blast-furnace, however^ the reactions are complex. 
As the air is blown in, carbon monoxide and perhaps carbon 
dioxide are formed, and as the gas passes upwards any carbon 
dioxide is reduced to carbon monoxide ; and unless there are 
other changes, such as the reduction of metallic oxides, prac- 
tically the whole of the carbon will be carried off in this form. 
The heating value can only therefore be taken as that due to 
the foimation of carbon monoxide. 

Two fuels may have the same calorific power and yet not 
be equally efficient in the furnace. Charcoal, for instance, 
weight for weight, gives a higher temperature than coke. 

Dr. W. Thourer says that charcoal consists of a large number 
of more or less regularly arranged cells, which are joined to 
one another longitudinally, and the walls of these cells are 
readily porous to gases, and are therefore very readily oxid- 
ized; whilst coke consists generally of separate unconnected 
cells, the walls of which are composed of a dense vitreous 
matter which does not admit of the passage of the air, and 
which is very difficult to oxidize; hence that the relatively 
smaller action in blast-furnace practice of coke as compared 
with charcoal would be increased if it were possible to cause 
the structure and character of coke to more closely resemble 
tibat of charcoal, either by the formation of a more porous, 
wh 0u£Sciently strong coke, or with greatei ceii\)aAX\\.^^\si^ 
^e more easily oxidizable. 
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The question of the economical use of fuel in the blast-furnace 
is much more complex, however, than such differences would 
suggest, and will ]yo fully discussed later. 

C'oke is admirably suited for domestic use, as its radiative 
I)<)wer is very high, the chief objection to it being the diffi- 
culty of ignition. It is usually thought that coke contains 
more sulphur than coal, but this is not by any means always 
the case. 

Sulphur in Coke. — All coals contain sulphur, part of 
which is eliminated during coking and part remains in the coke, 
and iifi a rule the coke contains a smaller percentage of sulphur 
than the coal from which it is made. The sulphur, as already 
mentioned, is present in three forms. That present as sulphates 
remains in the coke probably as calcium sulphide; that present 
in organic combination passes, at any rate to a large extent^ 
into the gases; and that present in pyrites goes partly into the 
gas and part remains in the coke. The total amount of sul- 
phur in the coal does not give any definite information as 
to the amount which will remain in the coke, as this depends 
on the form in which the sulphur was present. Even the 
quantity present in the coal as pyrites is not an absolutely 
safe guide, as changes other than the simple decomposition of 
the pyrites l)y heat may take place; and Dr. F. Muck asserts 
that in coke some of the sulphur is still present in organic 
combination, in which form it is not acted on by hydrochloric 
acid, which evolves all the sulphur from iron sulphide in the 
form of sulphuretted hydrogen. The only safe method is to 
determine the sulphur in the coal and in the coke derived from 
it on the small scale. As a rule the more iron the ash of a 
coal contains the more sulphur will be retained in the coke. 

Sulphur in CoaL Sulphupin Coke. 

1 1-47 1-22 

2 1-93 1-60 

3 1-51 1-32 

4 1-26 -98 

6 -84 -797 

6 -74 -eas 

1 to 4, Uilgemtoolk 
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in iron-works it is often assumed that one half of the total 
sulphur remains in the coke, the other half passing away with 
the gases. 

Nitrogen in Coke. — When coal is coked, a very large 
proportion of the nitrogen, often as much as 75 per cent, 
remains in the coke in some form of combination. According 
to W. Foster, when coal is distilled the nitrogen is thus 
distributed : — 



In gases as ammonia, 


• • • 


... 11 to 18 percent. 


yt a t» cyanogen, 


• • • 


'2 „ 1*5 „ „ 


Remains in coke. 


• • • 


... 48 „ 66 „ „ 


Not accomited for, ... 


■ • • 


... 21 ,,36 „ „ 



The amount not accounted for probably escapes as gaseous 
nitrogen. 

Selection of a Coal for Coke-making. — In the selection 

of a coal for coking attention must be paid to various properties. 

The amount of coke which the coal will yield is of importance, 

but less so than its quality. For blast-furnace use the coke 

must be hard and dense, and capable of bearing great pressure 

without crushing, and the higher the furnace the stronger 

must be the coke. Some idea of the nature of the coke which 

a coal will yield can be obtained by coking a small quantity in 

a crucible; but this is never quite satisfactory, as the heating 

is not at all under the same conditions as in a coke-oven, so 

that an actual oven-test is the only safe method of ascertaining 

the coking power of a coal. Coals yielding more than 80 per 

cent or less than 60 per cent of coke in laboratory experiments 

never yield a coke hard or dense enough for furnace use. The 

coal should be as free as possible from sulphur and ash, and 

for coking should be in a coarse powder. Many coals arc very 

much improved by washing. 

Coke-burning in Heaps. — The earliest and simplest 

method of making coke was to char the coal in heaps, almost 

exactly in the same way as charcoal was made from wood. 

Tba heaps were either round or rectangular, and aje* ^ "iwle^ 

/mvhiv^ /» riijuneter but lower than t\ie chaxcoaY ^\^^^, ^^^ 
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a brick chimney was used in place of the three wooden stakes 
above described. The coal was placed with the planes of 
bedding vertical, and as large lumps as possible were used 
The heap was covered air-tight with breeze, and the burning 
conducted much as charcoal burning, except that, as coal con- 
tains but little water, there was no sweating stage. 

This process was in use in a few localities till quite recently, 
even if it is now extinct Some smelters prefer coke made in 
hojips to that made in ovens, and assert that it is freer from 
sulphur, though this does not seem to be likely. 

Coke-making in Stalls. — This is a distinct improvement 
on the method of burning in heaps. It is carried out slightly 
differently in different places, and is fully described by Dr. 

Percy as it is used 
in Silesia. 

The kiln is a rec- 
tangular chamber, 60 
feet long, 15 feet 
wide, and 6 feet deep. 
It is built of brick, 
and openings are 
left at each end foi- charging. In each of the side walls are a 
series of horizontal passages (b), which pass through the wall, 
and from the middle of each of these rises a vertical passage (c), 
which opens at the top of the wall. The openings are about 
two feet apart, and those in the two walls are exactly opposite. 
To charge the kiln moistened coal-slack is spread over the 
floor in layers, each being well rammed down, till the level of 
the horizontal openings is reached. Long bars of wood, made 
slightly taper — so as to be easily drawn out — are put through 
the openings from side to side, and either they are surrounded 
by lumps of coal, so as to form a sort of tunnel, or coal is well 
pressed round them. The kiln is then filled up, each layer 
being stamped down as before, and the top is covered with a 
layer of ashes or loam, so as to exclude the air. The openingB 
at the end are built up as the charge is p\it in. T^ 
of wood are then carefully withdrawn, leaYw 




FiK 7.-Hilf>iiinn Coke Stall 
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verse passages through the mass in which the coal is lighted 
by means of brushwood. 

Before the fire is lighted, the top of the vertical passages on 
one side, and the end of corresponding horizontal passages on 
the other side, are closed with bricks and luted with clay. A 
current of air is thus set up through the passages, and the 
direction is reversed at intervals by opening the closed open- 
ings and closing the others. The horizontal passages are kept 
clear by means of iron rods. When the process is over, which 
is judged by the escape of white flame from the vertical 
passages, all the openings are closed, the charge is let cool and 
is then withdrawn. The whole process occupies about eight 
days; the yield is said to be large and the coke of excellent 
quality. 

The theory of the process is very simple. The heat of the 
burning wood in the passages starts distillation of the coal in 
its immediate neighbourhood; the gases given off, coming into 
the passages, mix with air, and burn, thus producing more 
heat and so carrying the coking further and further into the 
mass, till at last, when coking is complete, no more hydro- 
carbon gases are given off, the coke itself begins to burn, and 
the operation is over. 

Coking in Ovens. — Coke is now almost always made in 
ovens. 

Classification of Coke Ovens. — The following classi- 
fication includes all ordinary types of coke ovens, and the 
examples mentioned are those which are described in the 
text: — 

A, Intermittent ovens. 

1. By-products are not recovered. 

a. Combustion takes place in the coking chamber. 

Beehive oven. Cox's oven. 

b. Combustion takes place outside the coking 

chamber. (Ketort ovens.) 
Appolt oven, Copp^e oven. 

(M262) . ^ 
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2. By-product8 are recovered. 
a. Beehive type. 

a. Combustion takes piace in the coking chamber. 

Jameson oven. 

b. Heated from below. 

Pemolet ovea 

p. Retort type. Heated externally. 

a. Without regenerators. 

Bauer oven. 

b. With regenerators. 

Simon-Carv^ oven, Otto-Hofiman oven, 
Semet-Solvay oven. 

B. Continuous ovens. 

Lurmann oven. 

Beehive Oven. — The oven in common use is the beehive 
— so called from its shape. The form of oven and method of 
conducting the process differ somewhat in different districts; 
the following description, which is that of the process as carried 
on in a large Scotch works, will serve as a type : — 

The oven is })uilt of fire-brick set in clay; it is 11 feet 
6 inches in diameter at the bottom, and is cylindrical for 
a height of 2 feet 6 inches, and is then domed over, the 
dome being a little flat, so that the greatest height is 8 feet 
6 inches. Each oven is provided with a working door in the 
front, an opening in the centre of the roof which can be closed 
with a damper, and an opening near the top for the escape of 
the products of combustion, which is so arranged that it can 
be put in connection either directly with the air or with a 
chimney. The ovens are usually built in blocks of twelve or 
twenty-four, so as to prevent, as far as possible, loss of heat by 
radiation. The working opening can be closed by a door made 
up of an iron frame, divided into two parts by a horizontal 
bar about six inches from the bottom. The upper space above 
this bar is filled up with slabs of brick luted with clay, a small 
IioJe being left near the top by wloicli t\ift mVedw o^i l\v<a oven 
can be seen, and which can be closed mt\i ^ ^\\x^ oi 0^^ Vi\s!s^ 
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not in uee. The narrow space below the croae-bar is filled up 
as required vitli fire-clay. The door is usually lifted into 
position and held firm by a cross-bar resting in catches in the 
door frame, but in some ovens it is attach^ to a chain running 
over a pulley, by which it can be readily lifted. 

The charge having been drawn and the o\ en bemg at a very 
dull, hardly visible red heat, the damper is closed and the 




charge of about seven tons of coal in a coarse powder is thrown 

in. While this is being (ione, an inner or false door of fire- 
brick set in clay ia gradually built up so as to keep the coal 
from running outj this wall is four inches back from the main 
door, and is carried up to the top of the charge. As soon as 
the charge is in, the door is put up and luted, the slit along 
the bottom being also luted, and the damper is opened. 

Combustion very soon begins, if the oven be sufficiently hot; 
if it be not, a coal fire is lighted on the top of the charge. 
Smoke soon begins to escape, and for about four hours dense 
white smoke ia emitted from the top of the oven ; then ignition 
takes place, the gas bursts into flame or the coal "strikes", 
and an opening ia made at the bottom of the door so as to 
admit a good deal of air. For the next twelve \iOMi:a ft\ft ^iss,*. 
m tie oren bam with a dull smoky flame above tVe s 
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the charge. On the second day the flame gets redder, and the 
air supply is diminished by partially closing the opening at the 
bottom of the door with clay. On the third day the flame 
becomes very bright and the air supply is still further reduced. 
On the fourth day the flame becomes very red, and still less air 
is admitted, and by the end of this day no more flame is seen 
coming off* from the coke, and the whole interior of the oven is 
red-hot, the bricks inside being distinctly visible through the 
sight-hole. All the gas now being off", the space below the door 
is thoroughly luted with clay, but the damper is left open for 
about six hours longer, when it too is closed and luted. The 
oven is thus closed air-tight and is left in this condition for 
about twenty-four hours, by which time the coke will have 
considerably cooled, and by the end of the fifth day (120 hours) 
from charging the oven will be ready for discharging. The 
outer and inner doors are taken down, and a few bucketfuls 
of water are thrown into the oven. This water is at once con- 
verted into steam and thus cools the coke so that it can be 
drawn. When the coal is cool enough a bar or " shackles " is 
hung across the top of the door, being suspended on pins in 
the masonry; on this hangs a pulley on two flanges. A long 
iron " cleek" or hoe with a heavy head is put through between 
the flanges, the handle resting on the pulley, and by its means 
the coke is drawn out into an iron barrow, in which it is 
wheeled away to the yard and is ready for riddling for sale. 
As the exposed surface of the coke is seen to be red-hot more 
water is thrown in, and so on till all the coke is drawn and 
the oven is ready for recharging. 

Each charge of 7 tons of coal yields about 4 or 5 tons of 
coke, or about 61 per cent; the same coal yielding in the 
laboratory about 72 per cent of coke. Very frequently the 
coal is charged in through the charging-hole in the roof, and 
the coke is cooled by throwing in water from a hose for 40 
minutes. 

Theory of the Process. — This is very simple. The heat 
of the oven causes distillation to \>e^iv, «i.wd \Ai^ ^\c coming 
in contact with the gases they \)\urii and t\i\x& xasst^^ V^aX* S& 
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f evolved, the whole heating taking place from above downwards. 
I This ia undoubtedly the best method of heating coal for coke- 
f making, for the dense hydrocarbons coining up from the dis- 

tilling coal and coming in contact with the incandescent coke 
3 decomposed, permanent gases are evolved, and carbon is 

separated. This has some effect on the yield, but still more 




k on the quality of the coke, giving to beehive coke a peculiar 
1 tubular structure. The biibbles of gas as they ascend are often 
1 decomposed bubble by bubble, leaving thin shells of carbon 
Ijoined together so as to form long hair-like tubes. The coke 
Bat the top, and also that at the bottom of the oven in contact 
■Irith the floor, is softer and more porous than that in the body 
Bof the oven, and these portions are usually separated and sold 
■ for purposes tor which dense coke is not necessary. As the 
iMke cools it breaks up into more or less prismatic masses, 
bfid h ot » ateel-gray colour. This is said to \)B ftae. \o *Oaa_ 
moroi^lt eacHpe of the gas, obtained ty leaving tVe 65«K^ 
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open some time after all the gas seems to be off; if this be not 
done, but the damper closed at once, or if the coke be drawn 
immediately all gas appears to be off, the coke comes out black 
and lustreless. 

Smithy Char. — This is made in similar ovens and of the 
same coal. The oven being hot, ten hundredweight of coal is 
thrown in, then at intervals two more charges of the same 
weight are added, and the whole operation is completed in 
twelve hours, the 48 cwts. of coal yielding about 38 cwts. of 
coke, or nearly 80 per cent. 

Modifications of the Beehive Oven. — This process, 
modified in various details, but the same in principle, is used 
all over the world, and many coke makers and users contend 
that it gives a better coke than any other process. 

The Welsh Oven. — "This consists of a rectangular chamber 
covered with a flat arch, and provided with a door at one end. 
The width of the oven is from 7 to 8 feet, the length 13 to 
15 feet, and the height does not exceed 5 feet. The oven is 
provided on the top with one or two charging holes and in the 
front with a lifting door. One oven is separated from the 
next by a relatively narrow wall not exceeding 2 feet in thick- 
ness. The back wall of the oven is also provided with an 
opening through which the waste gases escape to reach the flue, 
leading the same to the chimney, and before doing so are in 
many cases utilized for heating boilers." ^ 

The oven is charged from the top, and " strikes " from the 
heat of the oven itself. The heating is partially from above, 
partially from the sides. Owing to the thinness of the side 
walls the structure of the coke, except that from the centre 
of the oven, is not columnar as in the beehive oven, but has 
a conical, or, as it is often called, "cauliflower" structure. The 
average make is 6 tons 5 cwts. per week, and the yield 58 to 
60%. 

Connellsville Ovens. — At Connellsville, Pennsylvania, 
the great coke district of the United ^tA\,fta, \i^fe\^\^ ^\^w% are 

I R. De Soldneofl, J J. and S. 1 ., 1«»^. ^ IB- ^^- 
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used eicIugiTely. They are about 1 2 feet in diameter and 7 feet 
high ID the clear. They are charged through a hole in the roof, 
and each oven holds 4^ to 6 tons of coal. The charge » levelled 
throngh the working opening, which is then walled up with 
hriet Coking is completed in about 72 hours. The door is 
taken down, water is thrown in with a hose to cool the charge, 
which is then drawn. The yield is about 67%. 
The orena are built of brick faced with eandstone, and are 




;gji|y# rj^ 



arranged either in single rows on the hillside (bank ovens) or 
in double rows (block ovens). 

Sources of Loss, — The beehive oven, though it yields an 
excellent coko, is not by any means an economical apparatus, 
as there is considerable loas both of matter and of energy. 

The sources of loss of matter are — 

1. Coke consumed, 

2. The products of distillation, liquid and gaseous, are lost. 
The sources of loss of energy are — 

3. Heat lost by radiation, especially during charging and 

discharging, and in the interval between these. 
i. Heat carried away by the products of combustion. 
& The potential energy of the cotdbufitMe ■^loteisAa nV 
eombuation. 
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The loss under the first head is very considerable, frequently 
amounting to 10 to 15%, and it can only be completely pre- 
vented by the use of an oven in which no air is admitted to 
the coking chamber. Many suggestions have been made for 
minimizing it in the ordinary oven. The inner door already 
described does something, but not much. A far more efficieatr 
arrangement is to construct a circular air-passage in th^ 
masonry of the oven above the level of the charge, with open-— 
ings by which the air can enter the oven. 

The loss under the second head is prevented by the use o: 
suita})le ovens and condensing plant. 

The loss of heat by radiation is reduced by building th^^ 
ovens in blocks of 12 or 24, so that the four end ovens hav^^ 
only two sides exposed to the air, and all the rest only one, 
and by covering the roof with a layer of non-conducting' 
material such as sand. The loss during charging and discharg- 
ing can bo much reduced by performing these operations ex- 
peditiously by moans of mechanical appliances. 

The waste heat carried away by the products of combustion 
is almost always lost, though it is occadonally used for raising 
steam, and the boat due to the combustion of the products of 
combustion is at any rate partially used in promoting coking. 

Cox's Oven. — This oven was patented in 1840, and is de- 
scribed by Dr. Percy. Though not now in use, it is of interest 
as marking a considerable improvement in some respects on the 
ordinary beehive typo. The objects aimed at were as far as 
possible to avoid loss of coke by combustion and loss of heat 
by radiation. The circular form was abandoned, and the oven 
was made nearly rectangular, but slightly wider in the front 
than at the back, and with the floor sloping slightly towards 
the front. The roof was arched, and the side walls were 
carried to a considerable height above the roof, the space thus 
formed being filled up with sand. About eighteen inches 
below the arch was built a false arch, extending from the 
back to about a foot from the front. The open end of the 
oven was closed by a door whicTi co\x\d \>ft YxxX.^^ ^3^\.^ t\^t. 
Tio air was supplied by passages in t\ie masoiay, o^mw^Kw 
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front and running besido the apace between the double arcbes, 
then passing to a descending paBsage and opening into the 
combustion chamber well above the aurface of the coke. The 
<ml vas charged in through the front opening to a depth of 
i feet 6 inches, the door then closed as quickly as possible and 
luted with clay. The products of combustion passed away by 
the space between the two arches to the chimney. 




The discharging of such a long oven in the ordinary way 
would be inconvenient, so a drag was used. The drag consisted 
of a vertical piece of iron, fitting the lower part of the back of 
the oven, to which was .attached a long iron rod, resting on 
the bottom of the oven. When the oven was to be drawn a 
chain was attached to this rod, and the mass of coke drawn 
bodily out. These ovens were said to be very successful, and 
to yield a good coke. 

The Appolt Oven. — This oven, invented by the Brothers 
Appall^ is probably the most important oi ti\ 'Oli.fe TitfAww. 
/onns of oven in which the by-products ate "cio\. Tewss^MiA^ 
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and it ia designed to prevent all chance of any of the coke 
being burned dunng the operation and also to promote mpid 
and uniform coking These objects are attained by cokiog 
in a separate chamber heated from outeide by the combuBtlon 
of the products of combustion The coking chamber is in the 
form of a \erticat fire bnck retort <tbout 4 feet long and 1 foot 




6 inches wide at the base, and 3 feet 8 inches long, and 
13 inches wide at the top, and about IS feet high. Twelve to 
twenty-four retorts are built together into a block in such a 
way that an air space 8 or 9 inches wide ia left round each 
of them, and the whole is inclosed in very thick walls. The 
retorts are held in position by cross bricks built in at intervals, 
tying them to the outer wall or to each other. The top of 
each retort is narrowed and provided with a charging hopper, 
and the bottom is <losed by an iron door or pair of doors, 
opening outwards into a vault extei^dlng ^Hli«I \Jq* "*t\ial« 
/eo^ of the retorts, and in -wlacli we laiia, w> ^-'bs*' W^^Jsa. 
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can be run under to receive the coke. The interior of each 
retort is connected with the outer space by two or three series 
of openings — one set near the bottom, another near the top, and 
sometimes a third about half-way up, and air is also admitted 
from outside. 

The retort having only just been discharged, the bottom 
doors are closed, a charge of about IJ tons of finely-divided 
coal is let in, and the top is closed. The retort being very 
hot distillation commences at once, and the products pass 
through the openings into the outer space, where they burn ; 
thus each retort is surrounded by a mass of flame, and since 
no air enters it, combustion of the coke is impossible. When 
coking is complete, the bottom doors are opened, and the charge 
falls out into an iron truck placed beneath, and is at once 
quenched with water 

The retort being heated all round, coking is very rapid and 
uniform, and is completed in about 24 hours, and the work is 
so arranged that one retort is discharged and recharged every 
hour. When an oven is being newly lighted, temporary bars 
are put across the bottom of the retorts, and fires are kindled 
on these till the temperature is high enough for distillation, 
after which the ovens are charged in regular order. 

The yield in these ovens is large, about 10% higher than that 
from the same coal in beehive ovens, and the coke is hard, 
dense, and of excellent quality. The first cost of the ovens is 
high. 

The Copp^e Oven. — These ovens, which have been also 
largely used on the Continent, are based on exactly the same 
principle as the Appolt oven, but the arrangement of the 
retorts and combustion chambers is quite different. The 
retorts are horizontal chambers about 30 feet long, 18 inches 
wide, and 4 feet high; they are built of fire-brick in stacks of 
22, 24, or 50, side by side, and are worked in pairs, one being 
charged when the coal in its neighbour is half -coked. The 
oven tapers slightly from back to front, and is closed at each 
end by two well-Btting iron doors, the lowei doQr\i^\'cv%^^'^ 
^ feet! Mgb, and the upper 1 foot. In t\iQ toqI ^^ ^ ^'^tv'^^ 
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of hoppcre for charging, and each retort communicatas b^ 
openings near the top with the cotnbuBtion chambers outside. 

The oven lieitig hot, the lower doors at each end are cluBMi 
and the coul is let in through the charging hoppore, and is 
qiiickly levelled by means of mkee through the upper doore, 
which are then closed. The products of distillation paas out 
of iho retorts into the vertical Hues between them, where they 
mix with air and burn. The proiim:t3 tiom the two contigu- 



I 




ous retorts pass together into the horizontal flue under one oC 
them, ba<.'k under the other and to the main Mue, and thence 
to the chimoey, being often used on the way to raise steam. 

When coking is complete, the doors at both ends are openedt' 
and the coke is forced out at the wider end of the oven by a 
ram carried on a tnick running on rails behind the ovens, anc^ 
is instantly quenched with water. 

The whole operation of charging occupies only about e ^^ 
minutes. The coking occupies from twenty-four to forty-eig^ 
hours, and the coke yielded is hard and dense. 

The Jameson Oven, — This is a modification of the b 
hire oven, arranged so as to aViow ol t^'4_Tefi««ec^ "A "^^i*^ 
b/-producte with the smallest posaibV " " " " " ol fexusSai^ 
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beeMve ovens, and also without interfering with the heating 
from above. The bottom of the oven ia provided with a series 
Msages covered with perforated tiles and uniting into a 
wmmon discharge-pipe, by which a portion of the products of 
distillation are drawn away by suction. Air is admitted above 
the charge, and is drawn downwards. It is quite obvious that 
heat must be supplied by the combustion of the surface coke, 
and therefore that the yield must be lowj but Mr. Jameson 




contends that this is more economical than burning the pro- 
ducts of combustion in the usual way. Distillation takes place 
at a low temperature, the tar therefore is poor and the yield 
of ammonia is low, being only equivalent to about six pounds 
of ammonium sulphate per ton of coal. It will be seen that 
though heating from above is retained, the conditions are so 
changed that all the advantages of this method of heating are 



The Pernolet Oven. — This is another modification of the 
beehive oven to allow of recovery; it was one of the first 
introduced, and is also one of the simplest. The floor of the 
oven is raised about six inches or so, so as to leave a space 
beneath, at one end of which is arranged a small fireplace. 
The discharging door fs so made that it can be securely luted; 
tie charge is introdiwed through the tool Aa^ mfta.T« "A mv 
g(B), ff-Ai'cii can also be closed air-tig\A,a'a.Aa'gi'^S&^'i.<^ 



110 FDBL AND RBFaACTOBT HATRBUU. } 

through the roof leading to the condeneere. The products (7* 
distillation are passed through the condensers, and the peC^ 
manoiit gases are returned and burnt under the oven, the fir^ 
in the fireplace serving to keep it alight and prevent an^ 
explosion liy the accumulation of combustible gases. 

The form of the beehive oven tob-j he retained, or the oven 
may Iw made rectangular, but the whole principle of working 
is changed, and heating from below is substituted for heating 




fi-om alKJio Ab no air gets into the oven tie yield will be 
high, Imt the coke obtained is soft, porous, and black. 

The Bauer Oven. — This oven is a modification of the 
Appolt, or vertical retort type of oven, arranged bo as to allow 
of the recovery of the by-products. Many such ovens have 
been devised, but this one may be taken as a type since it is 
probably more largely used than any other. 

In the form of oven erected for Messrs. Baird & Co. at 
Dairy the stack is circular, the ovens being arranged in a 
series of forty round a central chimney, the retorts being 
therefore placed radially. Each retort is 10 feet high, 6 deep, 
and about 1 foot 4 four inches wide at the bottom, taperii^ 
to 1 foot at the top; the bottom of the retort i§ curved, so 
that when the iron door is opened th« c ' ■ tato a 

tnicA: placed in front The cbaiir *►■ *■ 



SOLID PREPARED r 



PEAT, CHARCOAL COKE. Ill 



chailing hopper at the top. The products are drawn off by a 

pipe, and after passing through the condensers the gases are 
returaed to the oven. They pass into a combustion chamber, 
where they are mixed with air which has been admitted by a 
passage at the bottom, and heated by contact with the hot walla 
of the regenerative chamber The burning gases pass down 
behind the retort^ more air being admitted if necessary. The 




products of combustion circulate through heating chambers 
between the retorte, through the alternate passages of the 
regenerator and away to the chimney, 

If condensation is not required the gases may be passed at 
once from the retort to the combustion chamber. 

Each retort holds two tons of coal, so that the whole charge 
i> eighty tons, and the time occupied in coking is twenty -four 
hours. 

It is claimed that this oven yields a good atiOTv^ cO».ft wA 
hige quantity of by-prodacts. 
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The Simon-Carves Oven.— Of all the forms of oven 
arranged for the recovery of the by-products this is the moat 
med, at any rate in this country. It is a modification of the 
Coppee oven, or rather, perhaps it should be said, is of the 
Coppee type, with arrangementB for the recovery of the by- 
products. The retorts are horizontal, 30 feet long, 2 feet wide, 
and 6 feet 6 inches high, and they are built in blocks of 20 
to 60. The roof is covered with a layer of sand or non-con- 
ducting material, and is provided with three openings, the 
middle one cpnnected with the condensing plant and the other 




two fitted with charging hoppers for the introduction of the 
charge. The ends are closed with iron doors, near the top of 
which are two openings also closed by iron shutters, through 
which tools can be introduced for levelling the charge. The 
oven being hot from the previous charge, the doors are closed, 
the fresh charge let in and levelled as quickly as possible, 
and the small openings then also closed. Distillation at once 
commences, and the products of distillation are p<asaed through 
condensers, where the condensible products are separated and 
the permanent gases are returned to be burned under the 
oven. A small fire is kept burning to make sure that the gas 
shall not be extinguished, and the burning gas passes along 
under the whole length of the oven, back again, and then cir- 
eolfttea through flues between the walls, by which means the 
■* it tborougbly heated. The products ol coitftixa'asstt. oa, 
^^ to the chimney paas throi^ altetnatft ■5a'a!i«.%'i& A 
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a fire-brick chamber or recuperator, through the other passages 
of which the air necessary for the combustion of the gas is 
passed, so as to become heated on its way. The coke is ex- 
pelled from the oven by means of a ram carried on a truck 
which runs on rails behind the oven, and is at once quenched 
with water. The coking takes forty-eight hours. The coke 
is hard and compact, but is black instead of gray, and has no 
metallic lustre. As no air finds its way into the oven, no coke 
can burn, and the yield is high, over 10 per cent more than in 
})eehive ovens, and the products of distillation are very per- 
fectly recovered. 

The Otto-Hoffman Oven. — This oven is of the Copp^e 
type, i.e. it consists of horizontal retorts placed side by side. 
The arrangements for charging by openings in the roof, and 
discharging by means of a ram from one end of the retort, 
are almost exactly the same as in the Simon-Carves oven. The 
difference is in the arrangement of the flues, and in the use of 
a regenerator to heat the air before the combustion of the gas. 
Two regenerators are used, which are alternately heated and 
used for heating the gas. They are long chambers, filled with 
a chequer-work of fire-brick, placed underground and extend- 
ing the whole length of the set of ovens. At one end they 
communicate with the chimney, and with the source of air- 
supply — a fan or blower of any type — commimication with 
either being opened and closed by means of a valve as required. 
A combustion chamber under each oven also communicates 
with the top of the regenerator by means of a valve. This 
combustion chamber is divided in two by a cross wall, so that 
there is no direct communication from one regenerator to the 
other. Each half of the combustion chamber communicates 
with a series of vertical flues in the wall of the oven by means 
of openings, and the flues from both combustion chambers 
enter a horizontal flue about the level of the top of the ovens. 
The coke having been withdrawn, the fresh charge is let down, 
levelled, and the doors are closed; distillation commences, the 
products pass through the condensers, aud. ^Jsie ^^^%> ^jt^ y^ 
turned to one end ot the combustioii c\ia.Tc^>eT\xiA^^>()Dkfex^\KPs\.^ 



where they meet hot air from the regenerator, and cotnhuBtion 
takes place. The products of combustion pass up the one Bet of 
vertical flues into the horizontal flue, down the other set into 
the other half of the combustion chamber, and away through 
the regenerator to the chimney. About every hour or so the 
direction of the air and gas is changed, so that the regenerator, 
-which before was being heated by the products of combustion, 




now heats the air, whilst the othei- receives the hot products 
of combustion. 

By use of these regenerators a very high temperature can 
be attained, the temperatures given by Dr. Otto being — 



In the regenerator, 
One hour afterward 
In the chimney, 



The whole of the gas ia not needed for coking. Dr. Otto 
sa^^s; "In one of our German coking worka mfe ^ToisiKft, "^i 
coie oven per day, 24, 700 cubic feet ol ^, -w^vewiol "Sd \^\tft 
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for the coking process only 17,700, so that we have a surplus 
of 7000 cubic feet of gas per oven per day".^ 

Each retort holds from 5 to 6 tons of coaL The coking is 
complete in 48 hours. This oven is very largely used in 
Germany at the present time, there being 1759 in use up to 
the end of 1894.2 

The Semet-Solvay Oven. — ^This oven, which is coming 
largely into use, is of the same type. The coking chambers 
or retorts are 10 metres long, 1*7 metres high, and from -350 
to '500 metre wide, according to the nature of the coal being 
coked; the "rich coals with a high percentage of volatile 
matter should be treated in wider ovens, lean coal with a 
small percentage of volatile matter should be treated in narrow 
ovens ".^ The ovens are built in batteries, as in the case of 
others of the same type. The chambers consist of walls of 
brick covered with arches, well protected to prevent radiation. 
Those chambers form the skeleton, and are " filled in on each 
side of each supporting wall by channel bricks containing the 
heating flues. These channel bricks are rebated one into 
another so as to break the joints, and as they have only their 
own weight to support, there is no fear of cracking or bulging 
when they are highly heated and when the process of coking 
is proceeding."* 

The coal is charged in through hoppers in the roof, and is 
discharged by a ram through the end doors. The gases are 
drawn away through an opening in the roof, passed through the 
condensers, and delivered, together with heated air, into the 
top horizontal flue at the ram end of the oven, pass the whole 
length of the oven, and descend into the next flue, where they 
meet another supply of gas and heated air; then back along 
the third flue and into the common-flue under the oven, 
where the gases from the two sets of flues meet, and the hot 
gases may be used for steam -raising on their way to the 
chimney. The air is heated by passing through flues under 
the hot floor of the oven. 

^Journal Iron and Steel Institute, 1884, vol. ii. p. 520. 
a J. S.a I. , 1895, p. 339. s Darby. J.S.C.I., 1896, p. 337. 

* Darby, J.S.C.I., 1895, p. 337. 
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Tli« field of coke is very large, and it is liard and dense, 
"bright and silvery", when first drawn, but becoming black 
»hea cooled with water. The time of cokiiig is about 22 
hours, and each oven holds about 4 tons of coal. 

Among the advantages claimed for this oven are the ready 
healing, owing to the thinner walls of the heating flues (these 




5oLVAy 



being able to be made thin as they have only their own 
weight to support) and the readiness with which the part^ can 
be replaced. 

The Ltjrmann Oven.— This is a continuous oven, and 
Uierefore works without intermission. It consists of a number 
of separate coking chambers, into which coal is fed automatic- 
mBt. Tie gaseous products pass away to nO'ivA.feTvBftTi, Mi^. «!^ 

BM(f and burnt in flues surrounding iVa "te,\Art»- "vVe. 
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coke falls into a large receiving chamber, whence it is drawn 
at intervals. 

Coke from Non-caking Coal. — Coals which have but 
little caking power can sometimes be coked by using a very 
high temperature. It has been suggested to make coke from 
such coals by mixing them with slack of coking coal, pitch, 
tar, or other adhesive materials; but the cokes thus obtained 
are usually of very inferior quality. 

Comparison of Coke Ovens. — It is not easy to com- 
pare the relative merits of coke ovens, so many points have 
to be taken into account, and the various types not having 
been tried side by side on the same quality of coal; and even 
if they were it would probably be impossible to select a best, 
for what would be best under one set of conditions would 
not be best under another. The beehive oven is excessively 
wasteful; not only are all the by-products lost, amounting, 
in Great Britain, according to Mr. Darby, to no less than 
200,000 tons of ammonium sulphate per year, having a net 
value of about £1,625,000, in addition to enormous quantities 
of tar and other products, but there is a. loss of 10 per cent or 
more of coke actually burned in the process. The annual pro- 
duction of coke in Great Britain is, according to Mr. Darby, 
about 10,000,000 tons, so that a loss of one-tenth of this would 
be no less than 1,000,000 tons. 

All this might be saved by the use of the recovery ovens. 
There is a feeling among iron-masters that the coke made in 
recovery ovens is not as good for blast-furnace use as that 
made in beehive ovens, and some contend that that made in 
the more wasteful open heap is better still. 

Sir I. Lowthian Bell states that he found that coke made 
in beehive ovens was more efficient than that made in Simon- 
Carves ovens, and that the relative quantities required to 
produce one ton of pig-iron was as 100 : 91, whilst the actual 
carbon content was in the ratio 100: 98*5. On the other 
hand, Mr. Darby states that Semet-Solvay coke is quite 
satisfactory for blast-furnace use, and that less coke is required 
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than when beehive coke is used.^ It will probably be found 
ultimately that coke can be made in the recovery ovens quite 
equal in all respects to that which can be made in beehive 
ovens, in which case great saving will result; but even if the 
quality of the coke should be slightly inferior, the by-products 
will still make it more economical in use. 

In many cases ovens of the modern type have been put up, 
and abandoned without a fair trial; and in other cases failure 
has been due to faulty design, or to not adapting the ovens 
to the class of coal to be used. It is diflficult to compare the 
various forms of recovery ovens, but the Semet-Solvay, Simon- 
Carves, and Otto-Hoffman are among the best. 

Eecovery-oven coke is usually denser than beehive coke. It 
is strong, but is dull black in colour, and has not the metallic 
lustre and tubular structure of beehive coke. 

Removal of Sulphur from Coke. — Sulphur is very 
objectionable in coke, and many attempts have been made to 
prepare a coke containing but little sulphur, but up to the 
present without success, except by purifying the coal by wash- 
ing before coking. 

When hot coke is quenched with water, hydrogen sulphide 
is evolved by the action of the water on the sulphides : Fe S -H 
H20 = FeO + H2S, CaS + HgO^CaO + HgS, and it has been 
suggested to make use of this reaction for the desulphurization 
of coke, by treating it with superheated steam. In some 
experiments Scheerer found that by treating a coke containing 
•71 of sulphur about 60 per cent of this was removed, the 
residue only containing *2 per cent; but such results have 
never been obtained on the large scale. It is impossible to 
make the steam reach every particle of the coke, and if the 
temperature is at all high the coke itself is acted on by water 
.with evolution of hydrogen and carbon monoxide. Treatment 
with dilute acid has also been suggested, but the removal of 

» sulphur is very partial. 

^ divert suggested mixing the coal before coking with 
1/4 a complex series of reactions \)e\ivg^ «»^^.^ ^^ ^^»^^ 

^American Mant^acturer, vol. IvU p. 44^. 
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place by which sulphur would be evolved. Many other 
methods have been suggested, but none have been successful. 

Comparison of Coal and Coke. — Weight for weighty 
coke is a much more powerful heating agent than coal, but 
compared Mrith the coal from which it is obtained the heating 
power of coke is much less, so that the loss of heating power 
by coking is very considerable. Even if the bj^-products are 
recovered, a considerable amount of heat will be used in dis- 
tilling the coal. The whole of this heat, however, would not 
be recovered if the coal were burned in an ordinary fireplace, 
for the gas is there distilled out and then burned. When the 
ilame is required, as in a reverberatory furnace, coal is best 
but when the heating is to be by contact or by radiation, 
coke is preferable. In cases where the production of smoke 
is very objectionable, coke is used, though for boilers and 
similar furnaces it is quite unsuitable. It is often thought 
that coke contains more sulphur than coal, but that ic nol 
so, as has been already pointed out. The error has arisei: 
from the fact that the other products of combustion bein^ 
odourless, the sulphur dioxide produced by the combustion h 
more readily detected. 

Briquettes. — Within the last few years fuel-blocks, oi 
briquettes, have come largely into use. They are usually 
made of fine coal or other combustible material, cemented to 
gether by some cement. The combustible material is nearlj 
always coal, but saw-dust, spent-tan, peat, and other material 
have been suggested. The cementing material is usually pitch 
but farina (starch), gelatinous matter obtained by boiling sea 
weed, dextrine, molasses, clay, Portland cement, lime, anc 
plaster of Paris have all been patented for the purpose. Th( 
only materials in practical use are coal and pitch. 

The variety of apparatus invented for making the blocks ii 
probably even greater than that of the materials used. 

The briquettes are usually made up into rectangular blocb 
weighing about 4| to 9 lbs. Tlie ioWomiiff • ^ ^^^ xwS 

cate the nature of tha cnmmiircial'btw 
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Volatile matter, 

Coke, 

Fixed carbon, ... . 

Ash, 

Moisture, 



1. 


2. 


8. 


4. 


27-67 


33-0 


15-0 


45-85 


68-18 


59-4 


84-0 


39-27 


57-48 


56-2 


80-0 


28-93 


10-7 


3*2 


4-0 


10-34 


4-15 


7-60 


1-0 


• • • 



1. Oovan. 

2. Coltness. 
8. Welsh (ayerage). 
4. Russian, made from charcoal and pitch. 

The blocks should be uniform in texture, and should be so 

strong that there is little loss by breakage in transport. Such 

loss should not exceed 5 per cent, though with most blocks 

at present made it is far higher. They should not contain 

more than 5 per cent of moisture and 5 per cent ef ash. As 

many blocks absorb water very readily, attempts have been 

I made to waterproof them by dipping in molten pitch, solution 

f of silicate of soda, or other material; but none of the methods 

have come into general use. The blocks should not crumble 

when heated, though unfortunately many varieties do. 

Briquettes have one great advantage over coal: being in 
uniform blocks, they pack easily and into small space. This is, 
however, only the case when they can be stacked by hand, and 
does not apply to cases in which they are thrown in in bulk, 
as when loaded into the hold of a ship. In this case it is very 
doubtful whether briquettes would occupy less bulk, weight 
for weight, than coal. The heating power of briquettes is 
about equal to that of the coal from which they are produced, 
the evaporative power being from 8 to 9 lbs., the calorific 
power about 14,000 B,T.U. 

Manufacture of Briquettes.— The coal, preferably after 
washing, is either crushed in rolls or broken up by a dis- 
integrator into a coarse powder. If very wet, as when sludge 
is used, it is then allowed to drain, and is dried in ovens 
preferably heated by steam, many forms ol dTy\T\gfONevv\ssy.N\\v^ 
i«an deeded to deal with the matenaVa aw\«TCL^\,\esK^N ^\A 
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at the lowest possible cost. If the coal be not well dried a 
larger proportion of pitch is required to bind it. The pitch 
used is usually that obtained by the distillation of blast-furnace 
tars. It is quite hard at ordinary temperatures, but softens 
at about 170° F. The pitch is broken into small pieces and 
mixed with the coal before it is passed to the disintegrator, 
the pitch and coal being supplied in the required proportions 
by means of measuring apparatus or distributors of some 
kind. The finely-powdered mixture is transferred to a pug- 
mill, which consists of a vertical wrought-iron cylinder, 30 inches 
to 42 inches in diameter, and 6 or 8 feet high, containing a 
central shaft which makes from twenty to twenty-five revolu- 
tions per minute, and carries arms designed to turn over the 
paste and force it downwards. This is either steam-jacketed 
or arranged so that steam can be blown into it, the paste being 
in the latter case heated by mixing with the steam. The first 
is called the * dry-heat ', the second the * wet-heat ' process. In 
either case the steam may be superheated. " The weight of 
steam required to heat one ton of the mixture to 100° C. is 
theoretically only about 10 lbs., but in practice nearly 100 lbs. 
is used."^ The presence of a small quantity of moisture (3 to 
5 per cent) in the coal is essential, but the " wet-heat " process 
is apt to introduce too much, unless the steam be superheated 
before use ; but it must not be heated to too high a tempera- 
ture (above 200° C.) or pitch may be volatilized. The paste is 
passed from the pug-mill into the compressing moulds, where 
it is subjected to great pressure and thus solidified into blocks. 
Very many forms of compressing machines have been devised. 
In the simplest form a series of moulds are carried on a horizontal 
rotating table, above which is a hydraulic or steam ram. A 
mould is filled with paste, which should not be at a lower tem- 
perature than about 70° C, from the mixer, and the table is 
turned so as to bring it under the ram, which is then brought 
down and compresses the block; the ram is then raised, the 
table turned, the block removed from the mould, and the 
mould reSlled, The table carries a.\. \feaE\) \Jm^^ \aawlds^ so 

'Odiquhoun, Jfin. Proc. Inst. C.E., cxNm.p.'aft. 
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that while one is being filled another is being pressed and the 
briquette is being removed from the third. In the type of 
machine made by Messrs. Yeadon of Leeds the moulds are 
cavities in a vertical rotating disc. Each disc has sixteen 
moulds, placed in pairs radially, so that two blocks are made 
at each stroke. The disc being in position, two moulds are 
filled from the mixer, two blocks are compressed, and two are 
expelled. A rotation of one-eighth of a circle brings two freshly- 
filled moulds opposite the compressing ram, two pressed blocks 
under the expelling ram, and two empty moulds under the 
spout from the mixer — ^the three operations being simultaneous. 
As the blocks are expelled they push the pstir previously expelled 
on to the endless band by which they are carried away. 

Such a machine will turn out about forty briquettes per 
minute. 

In other forms each mould has its own ram, and in others 
the paste is forced out in a continuous prism, which is cut up 
into pieces of the required size by wires. The briquettes as 
they are removed from the press are soft and friable and will 
not bear handling. They are put on to an endless band and 
conveyed to the store, where they are carefully stacked, or 
they are delivered at once into trucks. 

Cost of Briquette Making. — The cost of manufacturing 
at an English works, making 102|^ tons per day of ten hours, 
with two presses, is given by Colquhoun^ as 95. T'iSd. per ton, 
made up as follows: — 

Xiabour, ... 

Supplies, 

Fuel (for boilers, &&), 

Materials for briquettes, . . . 

Interest and depreciation, 





8. d. 




1 0-85 




5-50 




7-22 




7 1-70 




4-21 



9 7-48 



ijftn. Proc. Inst. C.E., cxviii. 
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CHAPTER V. 

COAL-WASHING. 

Object of Coal-washing. — When coal is raised from the 
pit it comes up in pieces of various sizes, the breaking of which 
necessarily produces a large amount of slack or smalls. For 
the market these must be removed either by hand-picking or 
sifting. The small coal is usually unmarketable, owing to the 
large quantity of dirt — shale and pyrites — which it contains. 

For coke-maldng, and to a . less extent for boiler-firing and 
producer-gas making, it is important that the coal should be 
as free as possible from ash and sulphur. For these purposes 
the coal may be used in a fine state of division, and as the 
sulphur is mostly present in the form of pyrites, which is much 
heavier than coal, it may be separated by methods of washing 
analogous to those used for the dressing of metalliferous ores. 

These methods have now come largely into use, and much 
dross, which would otherwise be quite valueless, has been 
rendered available for coke or briquette making and other 
purposes, while at the same time the larger "coals" have been 
improved by the removal of the smalls and earthy or pyritous 
matter which otherwise would have remained with them. 

Principle. — Many forms of apparatus have been devised 
for coal-washing, but they are all based on the same principle, 
viz. that if particles of the same size, but of different weights, 
be allowed to fall through water the heaviest particles will fall 
most quickly. The rate of fall has been investigated by 
Rittinger, who gives the follo^nng formula as expressing the 
rate at which a body will fall in still water : — 

V=l-28 Vd {d - 1). 

where V = Velocity in feet per second, D = diameter of holes 
in riddle through which the substance has passed, 6? = density 
of the substance, and 1 '28 a coTVftta.iv\. d^^wa^ ix^sci ^"x?^\rl- 
mental results. 
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If the particles be all of the same density the falling 
through water will sort them according to their sizes; and 
if they be all the same size, but of different densities, it 
will separate them according to their density; whilst if they 
vary both in size and density, they will be separated in a way 
depending on the ratio of the two; hence for the complete 
separation according to density, good sizing is absolutely 
essential. If the water be in motion instead of at rest, the 
same law will hold good K the water be flowing, the lighter 
particles, taking longer to fall, will be carried further forward. 
If the water be moving upward, the rate of fall will be dimin- 
ished, and if the upward flow be rightly adjusted the lighter 
particles may be carried upwards whilst the heavier fall down- 
wards. 

There are two varieties of coal-washing machines in use — 
those in which the coal is washed by running water; and 
those in which the water is kept in agitation by a piston 
moving up and down, in a compartment of the washer, as in 
the ordinary Cornish jig, these being therefore called jig 
machines. 

Either type of machine may be applied to the washing of coal 
in lumps, where the larger limips are to be used for domestic 
or other furnace consumption, or for washing crushed coal for 
coke-making and similar purposes. 

Trough Machines. — These usually consist of a series of 
inclined troughs, each terminating in a grating, through which 
the water and finer materials can pass into another trough 
below, the larger pieces passing over the grating into a recep- 
tacle. 

The coal is supplied to the first trough, and is washed down 
by the stream. As it passes along an attendant picks out any 
lumps of shale and throws them on one side. The coal passes 
over the end of the grating into a receiver, and the finer 
particles pass through into the next trough. This trough is 
provided with riffle bars which retain the heavier particles of 
pyntasj whilst the lighter coal is carried away m\.Q ^^tAiai:^, 
The separation is usually completed in ^\g TCiiai^Tia^. 
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Robinson Washer. — This consists of a truncated in- 
verted cone, 8 feet diameter at the top, 1 foot 10 inches at the 
bottom, and 6 feet 6 inches deep. A strong shaft is fixed in 
the centre which carries a cross -head, to which are bolted 
wooden arms. To each of these arms are attached three 
vertical iron rods which nearly touch the side of the washer. 

The dross is delivered into the 
washer in a stream. Water is sent 
in at the bottom and rises upwards 
through a perforated movable bot- 
tom plate. The arms are kept in 
rotation, the coal is carried over the 
top of the washer, and the brasses, 
shale, and other heavy materials 
sink to the bottom and are removed 
at intervals. 

Jig Machines. — These are much 
more efficacious than simple trough 
machines. The jigger is a vessel 
divided into two unequal parts by a 
vertical division reaching nearly to 
the bottom. Across the larger part 
is a horizontal screen perforated 
with holes. In the smaller part a 
piston is fitted air-tight. As the 
piston goes down the water is "forced 
up through the screen in the other 
division, and as it rises the water returns. The coal is fed 
into the larger division on the top of the screen, and as the 
water is kept pulsating by the motion of the piston the coal 
is carried away through an oponing near the top, whilst the 
heavier material escapes through an opening just above the 
level of the screen. 

For washing fine coal the jigger is a little different in form. 
The screen is provided with openings large enough to allow 
the dirt, hrassea, shale, &c., to paaa tbroug^h, and on. this rar^ 
a layer of ^ •* xaatensaX, \\>&\i Vy:^\MC||i 




Fig. 21.— Robinson Coal- washer. 
Lock's Mining Machintru. 



From 
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pass through the holes. As the piston descends the water 
carries the felspar up with it, the lighter coal flows away as 
before by an opening near the top of the chamber, whilst the 
heavier dirt mixing with the felspar settles down; the dirt 
therefore works gradually downward and ultimately escapes 
through the screen into the space below, from which it is 
removed at intervals. 

The LiJhrig Process. — Of all the complete systems of 
coal-washing which have been suggested the one which is most 




Fig. S2.— LOhrig'g Coal-washing Jig. From Lock's Mining if acfttn^nr. 

s. Pipe for supply of water, o. Piston, d. Screen, e. Bars to cany screen. /, Opening for 
escape of coaL &, Valve for removal of sludge, worked by lever a'. 

largely used is that devised by Mr. Liihrig, and it will be 
sufficient to describe it. 

Assuming that the coal is to be treated as it comes to bank, 
t.e. it is not first crushed, the coal is brought up in tubs, which 
are automatically emptied over screens perforated with 2-inch 
holes, so that all coal smaller than that passes through. 

The larger coal falls on to endless belts made of steel bars 
with spaces between, so that any small coal formed by break- 
age will pass through, on to another belt below. The large 
eoal IB picked hy hand in the usual way, and a\. tV^ ^\A ^i 
«% Mi p' - ' «hoot, by whicli the cosX \s d-^v^^^^^iL 
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into trucks; the lower end of this can be lowered so that the 
coal may fall into the truck without being 'broken. 

Any pieces of shale which are picked out and which seem to 
contain coal are thrown into a hopper, whence they pass to a 
stone-breaker, and thence to the small-coal screens, and the 

refuse which does not 
contain coal is sent to 
the waste heap. The 
small-coal which passes 
through the screens 
falls into a hopper of 
100 tons capacity, and 
thence is lifted by an 
elevator to the sizing 
drum. This is an in- 
clined drum the surface 
of which is perforated 
with holes so as to sort 
the coal into four sizes: 
Treble nuts, 2 inches 
to 1 J inches in diame- 
ter; double nuts, 1^ 
inches to J inch in 
diameter; single nuts, 
f inch to j\ inch in 
diameter; peas and 
small below j\ inch; 
though of course other sizes may be substituted if required. 

Each size is conveyed by a shoot to its own washer. The 
washers are jigs as already described (Fig. 22), the stroke of the 
piston being regulated according to the size of the coal being 
washed. The screen is not provided with felspar pebbles, and 
the holes are smaller than the holes of the sorting screen, so 
that only the fine dust passes through. The coal is carried 
away by the water over the top of the jigger, and the dirt 
which accumulates on the screen ia d^ >6emiig 

just above its surface. 




Fig. 23.-LUhrig's Fine Coal Jig. From Look'f 
Mining Maekinery. 

Z, Water pipe, d. Piston, o. Piston-rod. 6, e. Screen and 
its supi>ortiDg bars, x, Layer of felspar pebbles. Ir, Trap 
for removal of sludge. A, Overflow for coal. 
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The washed nuts pass over draining shoots, to which a 
shaking motion is given, to remove water, then to the loading 
hopper and to the trucks. As the coal passes down the shoots 
it is sprayed with water to remove any adhering dust. 

The small-coal, as it comes from the sizing drum, meets the 
overflow water from the nut-washers, and is carried to a grading 
box consisting of a series of inverted pyramids, in which the 
small -coal is deposited in constantly decreasing sizes, the 
largest settling first and the finer in the later boxes. 

The mixture of dirt and shale from the nut- washers is 
carried by a spiral conveyer to an elevator, and thence to rolls, 
by which it is crushed, and delivered to a shoot by which it 
descends and mixes with the small-coal. 

The small-coal from the conical settlers passes to a series 
of small jigs (Fig. 23), the screens of which are provided with 
a layer of felspar. The washed coal flows away with the 
washing water to a revolving drum perforated with holes ^^ 
inch in diameter; the water and sludge escapes, and the coal 
passes to a hopper for loading. The sludge passes to a long 
trough or tank of brickwork or cement running underneath 
the building; as the sludge settles it is removed by scrapers 
on endless chains and delivered to a hopper, from which it 
may pass to felspar washers or may be simply dried and used. 
The water is kept in constant circulation and is used over and 
over again. 

The plant is made to treat from 1000 to 3000 tons of coal 
per day. 

Results of the Washing. — When this process is used 
coal can be utilized containing so much shale that it would 
otherwise be quite useless, and all the coal is very much im- 
proved. Less time need be spent in picking in the mine, and 
this alone would lead to considerable saving. At one colliery 
about 5400 tons of coal per year were thrown on one side as 
containing too much shale for use. By the Liihrig process 
this was treated and yielded 4428 tons of marketable coal; and 
■ in iuIdition,to other saving, about 700 tons oi ^^tv\»^^^ ^Q'o^a^^xv- 
£i^ 40 per cent of sulphur, was obtained and feoVd, 
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The percontago of ash is enormously reduced, thus greatly 
increasing the value of the coal, as the following examples will 
show : — 



Colliery, 



A8ton Hall Colliery, 

RoHehall, 

Bardykes, 

Motherwell, 



Capacity of 
Plant per day. 



1000 
800 
800 

1500 



Ash. 



Unwashed. 



21 
20 
22 
21J 



Washed. 






For coke and briquette making, washing is almost essential, 
if a good fuel is to be obtained. 

The following tests, made at EUenborough Colliery, near 
Maryport, will give some idea of the results obtainable : — 



Water, 

Coke, 

Fixed carbon 

Volatile, 

Ash, 

Sulphur, 



Slack 

before 

Washing. 


Pearl 

Coal, 

Air-dried 


Sludge, 
iV-0. 


Coke 
from 
Pearl 
Coal. 


Clean Pieces of 
Coal Picked. 


Sp. Gr. 


Ash. 


5-24 


4-92 






1-292 


3-44 


65-27 








1-255 


1-60 


42-86 








1-256 


1-80 


29-49 












22-41 


4-48 


11-90 


8-92 






1-69 


1-11 




1-28 







Sulphur, . 
Ash, 



1. 
Small- 
coal 
before 
Washing. 



1-35 
13-78 



2. 

Mixture 

of Pearl 

Coal and 

Sludge. 



-85 
4-14 



Pearl 
Coal. 



2-78 



Sludge. 



11-60 



Coke 

from 

Mixture 2. 



-99 
6-59 



Coal in final dirt, 2*835 per cent. 
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CHAPTER VI. 

LIQUID FUELS. 

Natural Oils. — ^Natural oils or petroleums have been found 
in many parts of the world, but it is only lately that they 
have been worked in large quantities, and at present only two 
countries, the United States and Eussia, yield them in suffi- 
cient quantity to be of commercial importance, and both of 
these yield large supplies of the oil. 

The natural oils vary very much in colour, consistency, 
smell, and other properties; some are thin, limpid, and of pale 
colour, others are dark-coloured, and of nearly the consistency 
of treacle. 

The petroleum from the oil-wells of America is mainly com- 
posed of saturated hydrocarbons of the paraffin series (0^118^+2), 
sometimes containing oxidized bodies, the higher solid par- 
affins being dissolved in the lighter liquid members of the 
series. The oils always contain members of the olefine (CnHgn) 
and the benzene (CnHgn.j) series, and in some cases also sul- 
phur, whilst the Kussian petroleum consists much more largely 
of defines. The following analyses by M. Goulishambaroff 
Diay be taken as examples : — 



Russian crude ) Light 
petroleum, \ Heavy 

Pennsylvanian crude 
heavy oil, 



Sp. 
Gr. 


Composition. 


C. 


" H. 


0. 

•1 
1-1 

1-4 


•884 
•938 

•886 


86-3 
86-6 

84-9 


13-6 
12-3 

13-7 



c. p. 

British Units. 



22628 
19440 

19210 



Evapora- 
tive Power. 



17-4 
16-4 



These figures must only be regarded as examples, as the 
actual composition of the oils varies very much. 

Occurrence of Petroleum. — Petroleum usually occurs 
U&pregnating porous sandstone or limestone rocks, these rocks 
'"SB holding as much as one-eighth their bulk of oil. 
RB6r 1^ inches of oil to the verticaA. loo^ ol ^q^j^., 
00 barrels per acre. Carll statea t\xaX. \Xi^ cSi ^^^ 
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of the Venango^ is from 30 to 50 feet thick in the third sani 
and 15 to 30 feet in the other sands; assuming only 15 fe^ ^ 
of good rock, this means 15,000 barrels per acre, or nearl;^^ 
10,000,000 barrels per square mile." 

The oil is obtained by means of wells sunk down to the oil- 
bearing strata, the oil being raised by pumping or otherwise. 
In many cases the oil flows from the bore-hole without the need 
for pumping, it having been confined in a synclinal trough or 
by a fault, so that the pressure of the mass of oil alone is suffi- 
cient to force it out of the opening, and thus to produce an oil 
spring or flowing well. 

"Many facts support the theory that the oil-producing sands 
lie in pockets or patches surrounded by impervious rock, so 
that each pool forms a separate, and to a very large extent 
independent reservoir of oil." 

Petroleum is not confined to rocks of any particular age, 
nor does it occur on any special geological horizon. The Penn- 
sylvanian deposits are mainly in Devonian and to a less extent 
in carboniferous rocks. Part of those of Ohio and those of 
Kentucky are in Silurian limestone. The oil of the Florence 
field (Colorado) is in the cretaceous, the oil fields of California 
and also those of Eastern Europe are in tertiary rocks. Oil 
has even been found in volcanic rocks, though probably as an 
infiltration from saturated rock masses. 

Origin of Petroleum. — Several theories have been ad- 
vanced as to the origin of mineral oils, but up to the present 
the matter cannot be regarded as settled. It has been sug- 
gested that they might be due to the action of water on 
certain carbides, such for instance as calcium carbide, which 
under ordinary pressures yields acetykne, and which therefore 
under other conditions it is thought might yield other hydro- 
carbons. 

The general view is that it is of organic origin, and derived 
either from plant or animal remains. Several eminent geolo- 
gists have held that the oils have resulted from the distillation 
by beat of beds of coal or similar matenr -^t tbila 

1 Venango ConnW in "^ 
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^ay be put the fact that the beds in which the oil occurs show 
Jio sign of the action of heat. Another view, first propounded 
V Dr. T. Steny Hunt, is that the oils have been formed from 
vegetable remains, but by a process different to that which 
produced coaL He held that .vegetable matter may decay in 
two ways: (1) in presence of air and water, when the hydrogen 
and carbon will be partially eliminated, and a solid residue or 
coal will be left; or (2) in the absence of air and moisture, 
when the tendency would be to form saturated hydrocarbons. 
More recently it has been urged that mineral oils are pro- 
bably derived from animal remains, and C. Engler asserts that 
any animal fat can be converted into petroleum by distillation 
under pressure. 

Crude petroleum is usually subjected to fractional distilla- 
tion before use, and only the heavier portions are used for fuel. 

Prepared Oils. — The prepared oils used for fuel are ob- 
tained by the distillation of — 

1. Crude mineral oil. 

2. Oil shales. 

3. Blast-furnace tar and similar materials. 

Distilled Petroleums, — The crude Pennsylvanian petro- 
leum is distilled in iron retorts heated by a fire, and the pro- 
ducts of distillation are passed through condensers which 
usually consist of straight lengths of pipe connected by return 
bends and contained in a large vessel of water. The distillate 
is turned into separate vessels as the temperature rises, so that 
four distinct distillates are usually obtained — light and heavy 
naphthas, and light and heavy oils — the division between the 
four varying in different works. 

The yield is: naphtha 8% to 20%, oils 76% to 78%, residue 
5% to 9%, and loss, i.e. permanent gases, about 5%. 

The heavy oil may be used as fuel direct, or it may be sub- 
ject to further fractional distillation so as to prepare different 
grades of burning and lubricating oils. 

The custom at most of the Baku works is to ^\a\ii\. cjffi. ^<3^ 
30% of the crude oil, and to iise the residwe, \livovitv ^^ ^^V\Qr 
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leum refuse, as fuel. The results obtained being: light petn 
leum 5 to 6%, burning oil (1), (kerosene) 27 to 33%, burnii 
oil (2), (solar oil) 5 to 6%, residues 50 to 60%. 

Shale Oils. — These oils are largely obtained by the distil 
lation of bituminous shales. The nature of the shales can b- 
seen from the following figures : — 



Volatile matter, 

Coke, 

Fixed carbon, .. 
Ash, 



1. 


2. 


84-96 


13-5 


65-04 


86-5 


7-44 


2-5 


67-50 


84-0 



1, Broxburn. 2, West WemysB (Fife). 

The shale is distilled in vertical retorts, into which steam i 
blown. The products of distillation are passed through con- 
densers, which consist of several series of vertical tubes exposed 
to the air. The products, separated according to their con- 
donsibility, consist of crude oil, sp. gr. 'SQO-'SQG; light oil, 
•790~*805 ; naphtha, '730, and large quantities of permanent 
gases which escape. The oils are further refined by fractional 
distillation and treatment with acids and alkalies, and separated 
into the various grades of illuminating and lubricating oils 
and petroleum naphthas. 

Oil from Blast-furnace Tar. — The tar obtained from 
the waste gases of blast-furnaces fed with coal is the source of 
a considerable quantity of oil suitable for use as a fuel. Each 
ton of coal consumed yields about 40 gallons of tar; this is 
distilled in wagon -boiler retorts, and each 100 parts yields 
about 50 parts of water, 20 parts of oil, and 30 parts of pitch. 
The oils obtained are divided into two portions — ^heavy or creo- 
sote oils, which have a specific gravity of '960 to '980, and 
light oils or spirit, having a specific gravity of "900 to '901. 
The heavy oils are those which are used as fuels. 

Oils as FubISb — Oil fueU \iB;ve ix^^axiy « 
solids, among t" ^ ■* 
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1. Reductioa of weight by about 40 per cent. 

2. Reduction of bulk hy about 35 per cent. 

3. Reduction of number of stokers required in about the 
ratio 4:1. 

4. Very small proportion of ash in the fuel. 

5. Prompt kindling of fires and consequent early attainment 
of the maximum temperature of the furnaces. 

6. The fire can be extinguished at any moment. 

7. Uniformity of combustion and therefore of heating power. 
Against these advantages may be set the disadvantages of :— ^ 

1. Danger of explosion. 

2. Loss of fuel by evaporation. 

3. Unpleasant odours. 

These are, however, of little importance, and no doubt will 
be effectively guarded against as oil comes to be better known 
and more largely used as a fuel. 

Cost of Oil. — ^Whether or no oil will ever be largely used 
as a fuel will depend almost entirely on its price, and on the 
economy with which it can be used. The following case, 
worked out in America, will show the lines on which a com- 
parison must be made, though it is, of course, of no other 
value : — 

" The coal used in the experiments evaporated 8 pounds of 
water per pound of fuel, which was equal to 7729 units; as the 
calorific power of the fuel was 14000 units, the useful effect 
was 55*2 per cent, and one ton (2000 lbs.) of coal would eva- 
porate 16,000 pounds of water at a cost of 3 dollars. 

" The oil had a calorific power of 20479 units, and if the 
efficiency were the same as that of the coal, would evaporate 
1 1 '7 pounds of water. A gallon of the oil (sp. gr. -87) would 
weigh 7*27 pounds, and costs '016 dollar, so that 187 5 gallons 
would cost the same as one ton of coal, and would evaporate 
15,938 pounds of water, almost exactly the same as the coal." 
But all incidental escpenses would be much in favour of the oil. 

Future of Oil Fuel. — ^There can be little doubt that in 
the future oil fuel will be more largely used as its advantages 
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come to be recognized. That it will supersede coal, either ui3«d 
directly or through the form of gas, is not at all likely, tyot 
there are very many purposes for which its use will be very 
advantageous. 

The following table will show the relative heating values o^ 
petroleum and coal : — 



Pennflylvania heavy 

crude oil, 

Caucaaian light crude 

oil, 

Caucasian hea vycnide 

oil, 

Petn)leum refuse, 

Good English coal, 

mean of 98 samples, 



Sp. Gr. 




Composition. 




C.P. 


E.P- 


82* F. 


C. 


H. 


0. 


S. 


B.T.U. 


Water 
at212*- 


•886 


84-9 


13-7 


1-4 




20736 


21-4S 


•884 


86-3 


13-6 


•1 




22027 


22-7Q 


•938 
•928 


86-6 

87-1 


12-3 
11-7 


11 
1-2 




2085 
19832 


17-3 
17-1 


1-380 


80-0 


6-0 


8-0 


1-25 


14112 


12-16 



CHAPTEK VII. 



GASEOUS FUEL. 

Natural Gas. — In certain localities considerable quantities 
of combustible gases are given off from the earth, and in Penn- 
sylvania these have been largely used as fuel. In many cases 
in boring for oil vast reservoirs of gas, evidently under great 
pressure, were struck, which therefore escaped with great force. 
It was, however, some years before anyone thought of utilizing 
this gas for fuel, though its heating power was well known. 
The first attempt was made in 1879, when pipes were laid to 
carry the gas from one of the vents to an iron-works near 
Pittsburg, where it was used for puddling. 

The amount of gas escaping is very large. It was estimated 
that in 1885 there were 50 gas wells at work, yielding in the 
aggregate about 100,000,000 cubic feet oi @^^Q»ex4^v.' 
pressure at which the * naM^wo^r*^ 
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is from 100 to 200 lbs. on the square inch. The gas region 
covers a very large area, and is very intimately connected with 
the oil-bearing region, the two indeed being geologically iden- 
tical, though the gas-field seems to cover a larger area. Gas 
very generally accompanies natural oils, but occurs also in coal 
districts. 

Composition of Natural Gas. — ^Natural gas consists 
ahnost entirely of marsh-gas (C H^) and hydrogen, and has a 
very high calorific power. The following analyses (Ford, 
quoted in Mills and Rowan's Fiul) will give an idea of the 
composition of the gas : — 



Carbonic acid, COj, 

Carbonic oxide, CO,.... 

Oxygen, 

Ethylene (olefiant gas), 

Ethane, 

Marsh-gas, 

Hydrogen, 

Nitrogen, 



L 


2. 


3. 


4. 


•8 


•6 


, 


^ , 


10 


•8 


•58 


1-0 


11 


•8 


•78 


2-10 


•7 


•98 


•98 


-8 


3-6 


5-5 


7-92 


5-20 


72-18 


65-25 


60-70 


57-85 


20-62 


26-12 


29-03 


9-64 








23-41 



To calculate the calorific power of the gas, Mr. Ford assumes 
the following average composition : — 






Carbon dioxide, . . . . 
Carbon monoxide, . 

Oxygen, 

Ethylene, 

Ethane, 

Methane, 

Hydrogen, 

Nitrogen, 



•6 

•8 

1-0 

5-0 

67-0 

22-0 

3-0 



100 



•6 litres = 1-2275 grms. 

•6 „ -7526 

•8 „ 1-1468 

1-0 „ 1-2534 

5-0 „ 6-7200 

67-0 „ 48-0256 

22-0 „ 1-9712 

30 „ 3-7632 



100 



64-8585 



Calculating to heat units (gramme Centigrade) : — 



Carbon monoxide,. 

Ethylene, 

Ethane, 

Methane, 



•7526 gnns. 

1-2534 

6-7200 

48-0256 

1-9712 



>» 
>» 
»» 



\ 



1808 units. 
14910 
77679 
627358 
6792 9 „ 



»» 
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So that 100 litres of the gas would give 789694 units of he^^ '^^ 
which, divided by 64*8585, the weight in grammes of the IC^^ 
litres, would give 12177 units as the calorific power; it ther^^ 
fore has a much greater heating power than coal or coke. 

12177 C. units is equal to 21919 B.T.U., and 1000 cubic? 
feet of the gas weigh almost exactly 38 pounds; the heat value 
per 1000 cubic feet is therefore 832922 units. 

The gas, as will be seen from the above analysis, is quite 
free from sulphur. On strong heating it is said to split up 
and deposit a hard glassy coke, so that it cannot be used with 
regenerators in the Siemens furnace. 

Artificial Gas. — Many forms of gas have been made at 
various times for lighting and heating purposes. Those which 
are at present in use are — 

1. Coal-gas. 

2. Producer-gas. 

3. Water-gas. 

4. Oil-gas. 

Coal-gas. — This is the gas obtained by distilling coal in 
closed retorts, and which is generally used for lighting purposes, 
and to a small extent for domestic heating. It has a very 
high calorific power, and is an excellent fuel. It is too expen- 
sive for furnace use, but is used with success in many minor 
operations where only a small quantity is used, and therefore 
where its cost is only of secondary importance. The amount 
of gas yielded by coal varies from 8000 to 12,000 cubic feet 
per ton. The gas to be used for lighting purposes is carefully 
purified from carbon dioxide and sulphur compounds. This 
of course adds to the cost, and would not be necessary if it 
were to be used only for fuel purposes. The cost of gas varies 
in this country, say, from 25. 6d, to 85. per 1000 cubic feet, 
the usual cost being probably about 25. 6d, to 2s. 9d. The 
luminosity of the flame of coal-gas gives it an advantage for 
many purposes over those gases which bum with a non- 
Jumlnous Same. The foUowinp ^CL^ARa^^a. 

to the composition of coal 



OA5BOU8 FUEL. 



139 



■^~<l 



1 . 

4. ■ 



Hydrogen, 

Carbon monoxide, 

Mareh-gas, 

Olefines, 

Nitrogen, 



1. 


2. 


S. 


4. 


61-8 


48-32 


86-1 


4-8 


91 


4-63 


6-8 


•2 


31-8 


8d-65 


37-8 


53-7 


5-2 


5-18 


16-4 


41-2 


21 


2-32 


2-9 


•1 



1 and 2, London gas (Wright). 3, Cannel-gas. 4, Oil-gas (American pretoleum). 

It will be seen that nearly the whole of the gas is combustible, 
onJj about 2 per cent being non-combustible. 

As an average the following figures (/. S. C, /., 1888, p. 
20) may be taken : — 



Hydrogen, . . . 
Carbon monoxide, 
Methane, 
Ethylene, . . . 

Non-combustible 



48 Utres = 4-291 grs. x 34180 = 146666 

8 „ 9-947 „ X 2427= 24141 

86 „ 25-804 „ X 13062 = 103815 



3-8 



»> 



4-762 „ X 11857= 56463 



95-8 litres. 
4-2 



»» 



100-0 litres. 50-082 grs. 



331085 



So that 100 litres will evolve 331085 units, and its calorific 
power wiU be-|^^ = 6411 (C. units), or 11540 B. T. U. 

1000 cubic feet would weigh 31 lbs.; so that 1000 cubic feet 
would evolve on combustion 347740 B. T. U. 

At 25. 9d, per 1000 cubic feet the cost per 1000 B. T. U. 
would be •095(^., whilst a coal of 7000 B.T.U., C.P. at lOs. 
a ton would, cost only about 'OOSd, per 1000 B. T. U. 

It is easy to imagine cases, however, in which even this 
great difibrence might be more than compensated for by the 
greater convenience of the gas. 

Producer-gas. — ^When air is blown through red-hot char- 
coal or coke, combination takes place, and since the tempera 
ture is high and the carbon is in large excess, carbon monoxide 
is produced, which makes the resulting gas combustible, 
C-fO = CO. Since air contains by volume 21 per cent of 
oxygen and 79 per cent of nitrogen, aivA. «vxvc,^ \5cife <iax\i^\s. 
mcnoidde produced occupies twice tifcie \o\\xnift ^l ^Js^^ ^^1^^ 
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which is consumed, the gas thus obtained would contain 
about 34 '7 per cent of carbon monoxide. Such a gas, thougli 
combustible, has naturally a very low calorific power, and 
whilst many attempts were made to utilize it, they were 
unsuccessful until the introduction of the Siemens regenera- 
tive furnace. Gas from blast-furnaces, which, as will be seen 
later, is of much the same character, had been utilized for 
various purposes as far back as 1840. . 

The calorific power of the gas can be easily calculated : — 

Car>x)n monoxide, . . . 84"7 litres = 43-63 grs. = 106168 
Nitrogen, 66*8 „ =82*91 „ = — 

100 Utres. 126*44 grs. 106168 

and the calorific power would be =832 C. units, or 

1498 B.T.U., or 1000 cubic feet would weigh 78*9 lbs., and 
would evolve on combustion 118192 B.T.U. 

This gas may be called simple producer-gas to distinguish 
it from other forms of gas which are produced by similar 
moans but enriched in various ways, and which may therefore 
be called enriched producer-gas. The principial methods of 

enriching are by blowing in steam or 
water, which undergoes decomposition, 
the liberated hydrogen and carbon mon- 
oxide enriching the gas, C4-H20 = CO 
-h2H; and by using coal instead of 
coke, in which case the volatile products 
of distillation mix with the gas. 

The Bischof Producer. — The first 
attempt to manufacture producer-gas 
for furnace use was made by Bischof in 
1839. The producer consisted of a 
cylindrical brick chamber having a capa- 
city of about 150 cubic feet; at the bottom of which was a 
grate, on which rested the column of fuel. The fuel used was 
peat, which was charged at the top, a»A ' Emitted 

beneath the grate. Kound thie "body 




Pig. 24.— Bischof Oas Producer. 
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arranged holes through which the working could be observed, 
and the gas was drawn off at the side near the top. No blast 
was used, but the air current was kept up by chimney draught. 
Since that time an enormous number of gas producers have 
been invented. 

Classification of Gas Producers,— To arrange a classi- 
jfication which will suit all the forms that have been suggested 
is almost impossible. The following, however, includes all the 
more important types : — 

1. Producers worked mainly by natural draught, i,e, with 
open hearths. 

a. With fire-bars. 

b. With solid bottom. 

2. Producers worked by blast, usually produced by r. steam 
jet. 

a. With fire-bars. 

b. With solid bottom. 

(i) Bottom worked dry. 
(2) With water bottom. 

The Bischof producer, already described, always falls under 
class 1, division a. 

The Siemens Producer. — This is the first form of pro- 
ducer that was a commercial success. In the early days of the 
Siemens or open-hearth steel process it was almost universally 
used, and it is still in use, usually with some modification, in 
many steel works. The Siemens regenerative furnace was 
invented in 1861, and it is from that time that the practical 
use of producer-gas must be dated. 

One form of this producer suitable for burning non-coking 
slack is thus described by Siemens: "In form it is a rec- 
tangular fire-brick chamber, one side of which, B, is inclined at 
an angle of from 45" to 60", and is provided with a grate c 
at its foot. The fuel is filled in at the top of the incline A, 
and falls in a thick bed upon the grate. Air is admitted at 
Ihe grate, and as it rises through the ignited iaa.B.B» \Jaft ^jaxViQvvv;^ 
id&rst formed by the combustion of oxygea Nd\JtL \!tka ^^^^w 
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of the fuel Uikea up an additional equivalent of carbon, foi 
ing carbonic oxido, which is diluted by the inert nitrogen 
the air and by a little unreduced carbonic acid, and mixed with 
the gasos and vapours distilled from the raw fuel during its 
gradual doacenl towards the grate, and is fed oS by the gu 
ftue to the furnace. The ashes and clinkers that accumiikte 
on the grate are removed at intervals of one or two days. 



i7l 
Pith I 




"The composition of the gas varies with the nature of thi 
fuel and the management of the gas producer. That of the 
gus from the producers at the plate-glass works, St. Gobain, 
France, burning a mixture of | caking coal and J non-caking 
coal, is as follows by an analysis dated July, 1865 {by vol- 
ume); — 



Oftcbonio oxida 

Hydrogen, 

Carburetted hTdrogen, 
Corbonio acid, 

Nitrogen, 

Oxygen 



" The trAce ot oxygen present \a yio do\i\i\, Avift 'va « 
W collecting the gas or to leakage oi a\t isito ^a twa. Tvia 



)6 (by vol-i 

242 , J 

2'2) M 

."!-| 
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figures in the second column give the composition of the gas, 
allowance being made for the accidental oxygen."^ 

In all the producers of this type in use now water is supplied ; 
either a steam jet is fixed under the bars or a water-spray is 
projected on. to the bars or into the fire. Fig. 26 shows a 
form of this producer at present in use. 

As the air supply depends entirely on the draught produced 
by the ascending current of hot gas, the pressure is very small 
and the combustion is slow, the amount 
of coal consumed being only about 12-13 
lbs. of coal per square foot of grate area 
per hour. 

The gases leave the producer at a 
temperature of about 500** or 600° C. 
(1000** F.), and being therefore very 
light they tend to 
rise, thus produc- 
ing the draught. 
" It is necessary to 
maintain this pres- 
sure through the 
whole length of the 
gas flue, in order 
to ensure a free 
supply of gas to 
the furnaces, and 
to prevent its deterioration in the flue through in-draught 
of air at crevices in the brickwork. The slight loss of gas 
by leakage, which results from a pressure in the flue, is of no 
moment, as it ceases entirely in the course of a day or two, 
when the crevices become filled with tar and soot. 

"Where the furnace stands so much higher than the gas 

producer that the flue may be made to rise considerably, the 

required plenum of pressure is at once obtained; but more 

<intly the furnaces and gas producers are placed nearly 

mme level, and some special arrangftmeiiv\i \^ Xkfe^^'aaax:^ 

laiemena, Collected Works, vol. i. p. 7.19, 




Fig. 96.— Siemens Oas Prodaoer. 
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to maintain the pressure in the flue. The most simple con- 
trivance for this purpose is the * elevated cooling-tube '. The 
hot gas is carried up by a brick stack to a height of eight 
or ten feet above the top of the gas producer, and is led 
through a horizontal sheet-iron cooling-tube of not less than 
60 square feet of surface per gas producer, from which.it 
passes down either directly to the furnace or into an under- 
ground flue. 

" The gas rising from the producer at a temperature of 
about 1100° F. is cooled as it passes along the overhead tube, 
and the descending column is consequently denser and heaviei 
than the ascending column of the same length, and continuall} 
overbalances it. The system forms, in fact, a syphon, in whicl 
the two limbs are of equal length, but one is filled with i 
heavier liquid than the other. The height of cooling-tub 
required to produce as great a pressure in the flue as woul< 
be obtained by placing the gas producers say ten feet deeper i 
the ground, may be readily calculated. The temperature c 
the gas as it rises from the producers has been taken as HOC 
F., and we may assume that it is cooled in the overhead tut 
to 100° F., an extent of cooling very easily attained. Tl 
calculated specific gravity, referred to hydrogen, of the gas < 
which I have quoted the analysis being 13*4, we obtain tl: 
following data : — 

Weight of gas per cube foot at 1100' F. = -022 lb. 

100°F. = -061„ 
Weight of atmosphere per cube foot at 60** F. = -076 „ 



and from these we have on the one hand the increase of pre 
sure per foot of height in a flue rising directly from the g? 
producer ='076- '022 = -054 lb. per square foot, and on tl 
other hand the excess of pressure at the foot of the down-tal 
from the cooling-tube, over that at the same level in the flu 
leading up from the gas producer (per each foot of height < 
the cooling-tube) = '061 - -022 = -039 lb. per square foot. Tl 
height of the cooling-tube above tkft leveil oi tVi<a €Lue tihaA wi 
be su^cient to produce the reciuired ]B>iceasvMc^ w^jai^ ^ ^ 



of heated ga8 column, is therefore ir-^ -lOfeetslS feet 10 

inches, or say 14 feet." ^ 

Siemens further points out that objection has been taken 

to the use of oooIing-tubeB on the ground of the loss of heat 

entailed, but be contends that this objection does not hold, 
' because there is no 
: advantage in sup 

plying the gas hot 

to the regenerators, 

and further, that 

cooUng condenses 
I a large quantity 
I of moisture Tchich 

would otherwise be 

carried into the fur- 

Improvements 
on the Siemens 
Producer. — The 

Siemens may be 
Ukon as the type 
from which all 
modem producers 
have been derived. 
The development in 
the more recent producers has been mainly in the direction of 
greater economy of beat and greater speed of working. To 
attain these objecta more steam is used, and the producers are 
worked closed, bo that a blast pressure can be used instead of 
allowing the air supply to depend entirely on chimney draught. 
One difficulty with the ordinary form of producer as 
described was the collection of a large amount of tar in the 
"ooling-tubes, which not only tended to block the tubes, but 
iao leaked oat and kept the place in a mess. To prevent 
lAi MB *Afl tar into carbon wbic^ caa'Ntfc wiiiHMiisA 

Voti*, toL l p. ^ss.. 
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in the producer, and pemuDent gases which will pass avafi ^^ 
is is only neceae&ry to heat the tarry vapours to a high temj^t- 
ature. This is best done by compelling them to pass throug* 
incandescent coke. This was first done in the Wilson pro- 
ducer, lint can equally well be arranged in almost any type. 
Fig. 27 shows a Siemens producer arranged for the destructiM 
of tarry matters. 

Siemens Circular Producer.— This is a solid botWoi 
open producer. The body consists of a circular shell of bricii- 
work cased in iron, and 
carried on an invertd 
portion of a cone ibe 
smaller end of which 
rests on a senea oi 
short columns fron 
between which thi 
ashes and clinker cat 
be withdrawn Th 
coal IS charged by 
hopper at the top am 
the products of diati 
lation are made t 
descend through th 
incandescent coke o 
their way to the ga. 
flue Round the to 
of the producer rons 
flat metal pipe throng 
which air passes, and 
then carried down by a pi] 
jet 




thus heated by the hot 

■■tiid into the centre of the mass by means of 
W'U lie soon that in this producer part of the air is supplied 1 
11 Ktcain jet into the niiisa of burning fuel, and part finds i 
■ - ir»l draught round the bottom. It v"- '""' 



'—/very d.fficuUU,; 



producer by means of 

'"irii jut. and »* ^^^ ^^^ ^^^^ "^® *" °P®^ bottom, and t 
i ^ - J. has never come largely into use. 



, very 
t, and 
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Closed-bottom Producers. 

Siemens Type. — It is quite easy to modify the Siemens 
type of producer so as to work with a closed hearth and a 
«t«am jet, all that is necessary being to close up the hearth 
■nd introduce the steam below the bars. An arrangement for 
doing this was described by Siemens, and it consisted simply 
m closing the ash-pit by 
ur-tight doors and in- 
troducing a jet of steam. 
This form of producer 
has been used to some 
extent, but has not been 
very successful, the grate 
vea being too small, 
and the layer of fuel 
too thm to allow of the 
n^id combustion usually 
asaociated with closed 
hearth producers In 
another form used 
some steel works the 
sloping wall IS done . 
away with, and the bari 
are placed honzontally 
so as to gi^e a Urge 
grate area The ash pit 

IS divided into two by a ji^ „ _s ,,^01 (u«d hMrtb p™ii>«r 

transterse wall through 

which passes a steam pipe from which the steam and air are 
diacharged on both sides under the bars 

The Steam Jet ■ — In al! dosed bottom producers the air 
miiBt be supphed under blight pressure and <is a supply of 
steam is also necessary a steam jet is always used to supplj 
both The steam jet seems to have been first suggested for 
thta purpose by Siemens and he has in\estigated the nature of 
theactioa which takes place. The form oi ateam. \6t wi.^«A»&. 
vSiemem is ehoym in Sg. 30. 




"A very ihin annular jet of steam is employed in ttfl 
a hollow cylindrical column discharged from the I 
■orifice between the two conical nozzles A B, the steunl 
Kfupplied by the pipe C into the space between the twon 
f The inner nozzle A can be adjusted up and down by th< 




^^^B.tihis air-passage is regulated by adjusting the nozzUi 
^^^P means of the nut H at the bottom. The tube G contiif 
^^^^ converge very gradually for some distance above I 
\\ orifice, the length of the convergent portion increa&ioj 

I' the width of the annidar orifice, the object being t 

He complete commingling oi the Blea-m awft. ? 
leDgth oi the mixing chamber G, 



VkirIb. i 
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gradually increases in diameter in a parabolic cnrve to the 
upper end. 

'The rationale of this arrangement is as follows:— First, by 
gradually contracting tbe area of tbe air passages on approach- 
ing tte ]'et the velocity of motion of the entering air is so 
much accelerated that before it is brought into contact with 
the steam the difference in the velocity of the two currents, 
at the point where they come together, is much reduced, and 
in consequence the eddies which previously impaired the effi- 
cieDcy of the steam jet are to 
a great extent obviated, and 
a higher useful result is real- 
ized. Secondly, by the an- 
nular form of the steam jet uL- «^ , 
the extent of surface ccmtact 
between the air and steam 
ia greatly increased, and the . 
quantity of air delivered ia by 
thiB means very much aug- 
mented in proportion to the 
quantity of steam employed ; 
also, the great extent of sur- 
face tends to diminish eddies. 
Thirdly, by discharging the 
combined currentof steam and 
air through the expanding 
parabolic delivery funnel of considerable length, in which its 
velocity ia gradually reduced and its momentum accordingly 
utilized by being converted into pressure, the degree of exhaus- 
tion or compression produced by the steam jet is very materially 
increased under otherwise similar circumstances. The results of 
a long series of experiments with this form of steam jet, both 
for exhausting and compressing air, have led to the following 
conclusions: — First, that the quantity of air delivered per min- 
ute by a steam jet depends upon the extent of surface contact 
between tbe air and tbe steam irrespective ol \,\i% ft\fta."ffii. ■^t^a. 
«"!? ap to tbe limit of ezJiaustion or compteasioTi "SaaSj "Osia Xfe"^ 
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is capaole of producing. Second, that the maxiimim deg 
TacQum or pressure attainable increases in direct proport 
the steam pressure employed, other circumstances being si 
Third, that the quantity of air delivered per minute, with 
limits of effective action of the apparatus, is in inverse re 
to the amount of air acted upon; and that a better ret 




therefore realized in exhausting air than in compress; 
Fourth, that the limits of air pressure attainable with a 
pressure of steam are the same in compressing and exha 
within the limit of a perfect vacuum in the latter case." 
Thwaite Steam Jet. — This is a somewhat simpjei 
of jet, now largely used. As wiW \>e tftCTi XJae a.-twi cil * 



iilsr steam jet can be easily reduced or enlarged hy lowering 
r raising the inner tube by means of the regulnttng screw. 

The Thwaite Simplex Producer. — This is a very goo<i 
iiample of a bar-bottom closed-hearth producer. It consists 
of a circular iron shell lined with fire-brick, with a grate at the 
bottom, the bars of which are placed slightly sloping; the ash- 
pit ia closed air-tight, and steam and air are blown in from a 
st«am jet. The gas is drawn off at the side beneath a curtain 
vail, so that it passes through 
the hot coke, and tarry matters 
are broken up. The air before 
being used is heated by circu- 
lating in a jacket surrounding 
the casing. This is probably the 
most efficient producer of this 
type that has been designed. 




The Thwaite Twin Pro- 
ducer. — This is a larger pro- 
ducer of the same type, and is 
specially so arranged that the 
gases pass through a thick layer 
of incandescent fuel, and there- 
fore that it is almost impossible 

for any tarry matter to escape H,.^_Thwait,T-inQ«proa™. 
decomposition. The shell is 

circular, and is provided with a set of horizontal fire-bars, 
beneath which the jet of steam is blown, the ash-pit being 
closed The fuel chamber is divided into two by double walls 
reaching nearly to the bottom, and between which the gas 
escapes to the gas main, and the charge is introduced by two 
hoppers, one on each side of the double wall. To clean out 
the producer, false or clinker bars are put across, through 
holes left for the purpose above the ordinary lire-bara, which 
are then withdrawn and the ashes allowed to fall; the bai-s 
jww tlien replaced, the cliflker bars withdiawn, wn.4 ^fc Ooa.\%' 
gettJea down. 
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The Oowson Producer. — This producer ia also a cireukr 
iron sholl, lined with fire-brick, and provided with fire-bara and 
a closed ash-pit, into which steam and air are blown. 

This producer is usually provided with an apparatus fw 
raising the steam required, which consists of a coil of pipe 
heated by the com- 
bustion of .some of ibe 
gas, one end of tk 
coil being connected 
with a vater suppl; 
and the other end with 
an injector. Coal may 
be used as fuel, but te 
this producer is otiefly 
used for making gas for 
ga»engiiies and similu 
purposes, coke is almost 
always preferred. 

Wishaw Producer. 
— Another example of 
this type of producer 
is one which is now in 
use at the Wishaw St«ei 
Works of the Glasgow 
Iron and Steel Com- 
pany,' These producers 
are circular in form— 
10 feet 6 inchesexternal 
and 8 feet 6 inches internal diameter, and 14 feet high— and 
are built of fire-brick cased with iron. The ash-pit is only 
3 feet square, and the top of this is provided with horizontal 
fire-bars on which the charge of fuel rests, and under which the 
mixture of air and steam is supplied from a jet of the usual 
type. Above the fire-bara are the necessary cleaning doois- 
These producers are said to be very satisfactory. 
The Shiel Producer.— "This producer consists of » 

I SaginieTins, 18», TOL L p. tSS. 



ght-iron casing lined with Itrickwork, into which near the 

im is built an annular cast-iron twyer or blaat-box, furnished 

s loose grate which can be withdrawn by means of a 

J wheel and screw, and clear, or partially so, of the bottom 

mng The ashes and clinkers fall into a water trough 

leath The producer is charged about every half hour by 

sns of a bell and hopper, and the interior is kept about two- 

uds full of fuel The air to promote combustion is forced 




in by means of a steam jet blowing down a taper pipe at t 
side and then into an annular twyer, which is thus kept i 
ficiently cool by the air and steam to protect it from be 
burnt, and from whence it escapes into the fuel thro 
holes in the circumference into the centre of the blastr 
and up through the fuel to support combustion To pre 
the escape of the blast, a lute is made at the bottom o 
casing by adding plates to the wrought-iron shell and alli 
them to dip into the water trough. The gas is drai 
Under a slight pressure from the top." 

Solid-bottom Producers.— In this type of pi 
***©« are ao Sre-bars, but the fuel being gaai&eA "C^V 
'^'Ud bottom ot the producer, the tur and a\«am^\i\t 
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at Bome (Itstance above the bottom. They may be divided 
into two groups: those in which the bottom is kept dry, and 
those in which it ie supplied with water; and the first group 
may bo agjiin au1>divided into those in which the height is 
small relatively to the diameter, and the ashes and clinker 
are <)rawti solid; and those in which the height being greater, 
the ashes are fused and tapped out in the liquid condition. 

The Wilson Producer. — The producer which was pa- 
tented by Messrs. Brooke & Wilson in 1877 was one of the 
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first, and is still one of the best of this type, and is very largely 
used. 

The producer is a cylindrical shell of iron lined with fire- 
brick. The upper part of the interior is made conical, and is 
surrounded by a gas passage, into which the products of distil- 
lation enter by openings some distance from the top, so that 
they traverse the hot coke and tarry matters are completely 
broken up. Tho fuel is charged by a hopper at the top, and 
the gases are drawn off from the annular gaa rinjj. The arrange- 
ment lor the supply of ateam and aw U ■ «ffit- 
ci'ent. Across the bot*-™- ' ■ '* 
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which communicates with the interior of the pro- 
ducer by a series of openings on each Bide. The mixture of 
aEeam and air is blown into the interior of this, and escapes 
into the fuel by the openings. As the steam and air are thus 
blown into the middle of the producer, the diameter must not 
be so great that the air cannot reach the circumference. The 
usual diameter is about 8 feet, but they can be made up to 12 
feeL 

The ridge from which the mixed air and steam are supplied 
dirides the bottom of the producer into two halves, each of 




Kj. BT.-Modllled T3i*-WI 



which is provided with a cleaning door. When it is required 
to clean out the ashes — about once each 12 hours — the steam 
supply is turned off, and Iron bars are put in through small 
aide doors, so that the ends rest on the brick ridge, the cleaning 
dooTB are opened and the ashes are raked out; the doors are 
then closed, the bars removed, so that the fuel settles down, 
and the steam is turned on — the whole operation only occupy- 
ing a very short time. The fuel consumed is about 26 poimds 
'per (Hjuare foot of bottom in ordinary cases, but with a good 
■oa supply it ma.y be brought up to 40 pounAa, 
»ome producers, wrongly called Wilaon, \Aie. comcalLM^'^t 
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portion of the interior ia abolished, so that the tarry 
are not destroyed. The air is supplied through an iron 
connected with an underground air chamber, and a str 
bar is fixed across the producer to carry the ends of tl 
ing bars. 

The Wilson Automatic Producer. — This is a i 
tion of the ordinary Wilson type, designed by Mr. V 
avoid the necef 




to prevent the escape of gas. This form of produce] 
to be very convenient. Though of the Wilson type i 
belongs to the water-bottom class. 

The Ingham Producer. — This producer consii 
wrought-iron casing lined with fire-brick, the interii 
made conical. Air is supplied by a flue, over which i 
iron arch (b) covered with fire-brick. There are also t\ 
ing doors in such a position that they do not get veiy 
are therefore not likely to warp. 
One producer, 7 feet in diameter and 6 icftt ^ >»! 
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■ gafliBesi cwta. of coal per hour, producing 30,000 cubic feet of 



The Taylor Revolving-bottom Producer.— This is a 
tDodem American form of producer, which has given excellent 
Its in practice. Ab iu most other solid-bottom producers 




the shell is cylindrical, and is of fire-brick cased with iron. 
The lower portion is made in the form of an inverted cone, 
and in the centra is an air-pipe by which the mixture of steam 
and air is supplied high up into the mass of fuel. The fuel is 
supplied by a hopper, and the gas is drawn off" at the top in 
the ojomI iny. Tfc* hnK^m is a flat te'JoVNm^ ^late, a little 
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tviirkinj^ in a closcil asb-pit. The epace lietween thia 
mill ihu Iioltom of ihe producer chsraber is such as to allow 
tho iiBhas to uke their natural angle of slope. The level of 
tha luhes or clinker ie kept about 6 inches above the level 
of steam and air inlet, or 
about 3 feet 6 inthea abovs 
the revolving Wttom. A) 
the ash accumulates tbe 
bottom is Bet in rotation 
for a time until it is re- 
duced to the proper level, 
this being neceBsary oace 
every six hours or bo. Tha 
rotation "causes a grind- 
ing, and closes up any 
passages that may have 
been formed by the aetion 
of the blast"; "a few turm 
of the bottom at froqnen 
iiitoi'valfl will keep the fuel 
bed always in a solid eat 
dition ". The clinker 
rcnioveil from the aah-p 
every twenty-four hours- 
Kound the lower part 
the chamlier are a b&^ 
of openings by which bs 
can be introduced to br® 
up the clinker if necesBaf 
The Howson Producer. — In appearance this prodi** 
is much like the Wilaon, Init in principle it is quite differs' 
being worked in the reverse direction. Air and steam * 
admitted at the top, and blown downwards through the fuel 
the gases being dmwn off at the bottom. The dense hyd ' 
carbons are completely brokeu up. It is difficult to st 
in such a producer combustion oan he complete, so 
aJ/oH- ff the ivithdrawal ol tV " Mji\esa ■Ctie 




plied in great excess, 
wUch case the gas 
M contain much car- 
dioxide. 

heThwaite Duplex 
)ducer. — This is a 
i-bottom producer, so 
gned as to ensure the 
plete breaking-up of 
tarry matters and the 
rarsion of all carbon 
dde into carbon mon- 
le. It consists of two 
uate chambers or pro- 
era united by cross FiB,ii.-no-«.QPr™in«p. 
3S at top and bottom, 

lower one being provided with a valve, and it communicates 
h the gas main. Air and steam are introduced at the bottom 





Fig. *a.~ThMtUt Dnplai Pnliuiw, 
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of one chamber, and the gas is drawn ofT at the bottom of the 
other. Suppose the producer to be at work,- a charge of coal 
is let down into, any, the left-hand chamber, and the steam 
and air nre blowD into the bottom of the same chamber. 
The products of distillation pass into the second chamber, 
down through the hot coke which it contains, and -AW&y to 
the gas main. When the coal is completely carbonized, ■ 
charge is let down into the right-hand chamber, and the vaJret 
are reversed. The direction of the 
current is usually reversed every ten 
minutes, either automatically or by 
hand. The gas is quite free from 
tar and carbon monoxide, and is 
therefore well suited for use in gas- 
engines. 

Blast-furnace Type of P-^- 
ducers. — These have not at present 
been largely used. The first, Bisch- 
of's, was almost of this type, though 
it was provided with fire-bars and 
the clinker was not fused. That of 
Ebelmann, which was the next one 
invented, was much more blast -furnace -like in type. It 
resembled a small blast-furnace, about 10 feet high and 3 feet 
4 inches diameter at its widest part, the air being forced in 
through twyers in the usual way. The clinker was fused and 
tapped out, iron slag being added to increase its fusibihty. 

Water-bottom Producers. — In this type of producer 
the ashes or clinker are received in a vessel of water, ao 
arranged as to act as a seal and thus prevent the escape of 




The Dawson Producer. — This form, designed by Mr, 

Bernard Dawson, was one of the first of its type. " In this 
producer advantage is taken of an old idea in the shape of a 
water bottom. A water trough forms the base of the whole 
eiructure, and into this tbe asb anA. Avi&Kt'i ^VV, th« water 
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fonning at the same time a seal wkicli prevents the blast 
escaping. The ash is raked out by hand from time to time, 
and no arduous labour is required to get away the clinkers. 
The steam from the water trough probably assists in breaking 
up the clinkers, as it falls into the trough by natural gravita- 
tion. The producer itself is very similar to the * Wilson* 
^ external appearance, but the fuel rests on a cast-iron 
Aopper — an inverted cone — in the centre of which is an 
opening for the' passage of the ash downwards and the blast 




Fig. 44.— Dawson Gas Prodxioer. 

"Upwards. Below this hopper is an open space showing con- 
tiection with the injector, and kept tight by means of saddles 
dipping into the water trough. The top of the producer is 
dome-shaped, and all the internal structure is so arranged that 
^0 special lumps are required in the building. A man-hole is 
placed at any convenient part, the only door in the apparatus, 
and is used only when repairs are going on inside. This is a 
great advantage of itself over the old system, where doors had 
to be opened, screwed up, and luted tight. Producers of this 
kind have worked for months at a time without being stopped 
at all — a near approach to the case of the blast-furnace." ^ 

' ^ Pfvdueefv, by R. Booth, lf.I.M.B. Read before ttie C\nVI wiA'ilL&Oft.^KVR.^ 
'^"^v' Society, 17th February, 1892 

(M252) \, 






MATERIALS. 

The Dick Producer. -This is a combination of the two 

ty])e3. The casing dips down into the water trough so ae to 
form ft water seal; acroaa- the centre chamber paea three bars, 
on which rest two sets of inclined fire-bars forming two inclined 
I grates. The steam and air 

are blown in beneath the 
grates and pass up through 
the fuel, whilst the ashes and 
clinker fall into the water and 
are easily removed, the fall 
being aided when necessary 
by poking with iron rods in- 
troduced through holes left 
for the purpose in the casing. 
The Thwaite Small- 
power Gas Generator.— 
In this generator the fire- 
grate is formed of a girdle of 
suspended fire-bars that hang 
from a truncated cone casting, 
supported from the outside 
casing. The fuel at the base 
thus takes a cone-shaped form. 
The ashes descend into water, 
and the heat of the clinkers 
evaporates part of the water, 
the vapour, ascending through 
the fuel, adding hydrogen to 
the gas produced. 

The clinkers and incom- 
bustible matters can easily be 
removed, and without arrests 
ing the progress of gas making by inserting a rake or bar 
below the surface of the nater ind below the seal formed by 
the side phtes of the gis genccitor. In. this girdle form of 
grille the ish doc not reduce the grate efficiency, and the 
vertical ^ratt, docs not oiTt-r a. sui\A\i\ft saiAaKa i^i the repose of 




eitha' coke ov otiokw. It u Ntf-clearing and the passages fur 
tluiir aP8 *Mf*t*itmnn«ly luunteiTupted. 

TOWB, the air-blast supply 
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9 round the air belt encircling the gas generator, and is 
*=0Hgeqaently heated by contact with the heated plates. 

The Thwaite Duplex Non-reversal Gas Generator. 
~~-ln this, one of tho latest types of gas generator, the method 
'■** utilizing the hydi-ocarboii constituents of tho coal is as 
"Allows : — 

Here are tiro generators, which arc connectoi \fi^ft*i!&*ss aS* 
ie top by a conduit. Tie air is supplied a,t tlie >««aa vA xloa 
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fuel in left-hand generator, and a secondary air supply is intro- 
duced above tho fuel level in Eufficient volume to ensure the 
oxidation of the hydrocarbons, and to provide sufficient heat 
to raise the coal in second chamber to a condition of incan- 
descence. 

The tianio due to the oxidation of the gasea raises the tem- 
perature of the fuel in the second generator to bright redness, 
and in the de- 
scent of the gasea 
through this in- 
candescent car- 
bonaceous col- 
umn the CJirlwn 
dioxide is con- 
verted into car- 
bon monoxide, 
and the water 
forms carbon 
monoxide and 
hj drogen 

The coal is fed 
in at the tup of 
the fuel in both 
generators, and 
the escape of the 
gases IS below 
the upper surface 
of sueh fuel, con- 
se [uently inj J st r Jirt introduced cannot be carried forward 
into the fl es onlj pure uncondenaable gaaea can escape froinj 
th a generator I 

The clinker and moombustible matters gradually fall to the ( 
base of the fuel, where they give up their sensible heat to the 
water, from which they can be withdrawn without stopping 
the production of gas. 
"This generator pennita MtummoMS sW:V twX \ft \vt wa- 
ployed for gas-engines and gaa atoxea a.u6. IvmHwaa, a.^^ 
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removes tlie difficulties of flue deposits of carbon and tar, the 
common associates of every single-vessel gas generator." ^ 

Use of Steam in Gas Producers. — The use of steam 
as a means of enriching producer-gaS has ah-eady been briefly 
mentioned, and, as will be seen from the descriptions of the 
different forms of producer, its use is now universal. 

The reaction C + 0, by which the gas is obtained, is exo- 
thermic, and is accompanied by the evolution of a large 
quantity of heat. 

The heat value of the reaction C + = CO is 29000 + C. 
units, or 52000 B.T.U., whilst the heat value of the reaction 
C + 20 = C02is 96960 C. units, or 174528 B.T.U., so that 
about one-third of the heat which the coke could evolve by 
combustion is given out in the producer, and is therefore lost 
for practical purposes. It is usually stated that about one- 
third of the available heat of the fuel i s used in converting the 
coke into gas, but this statement is not correct; it should be, 
that one-third of the available heat is .^jjjljgj^in converting 
the coke into gas, which is quite a different matter. 

In the case of the conversion of water into steam there is 
an absorption of heat in doing work, and this can only be 
recovered when the work is undone, Le, when the steam is 
converted back into water; but in the case of the formation of 
carbon monoxide from carbon and air, heat is evolved, only 
it is evolved in the wrong place — in the producer, where it 
is not required, instead of in the furnace, where it is. The 
action of the steam is to absorb some of this heat and transfer 
it to the furnace, so that though the actual calorific power of 
the fuel is not altered, its available heating power is much 
increased. 

When steam is blown over hot charcoal or coke it is decom- 
posed thus, Hg O 4- C « C O H- 2 H, so that each pound of carbon 
gives the same amount of carbon monoxide that it would have 
done had it been burnt with oxygen, and in addition an equal 
volume of hydrogen. This reaction is endothermic, that is, it 
absorbs a large quantity of heat. It may lae T^^^xftj^^^L^se^Tssa^^ 

1 Mr. Thwalte, 
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up of two reactions, and the actual thennal value will be the 
algebraic sum of these. 

The decomposition of water absorbs heat, the amount of 
heat absorbed being the same as that evolved in the formation 
of the water. The heat value of the reaction 2H + O = H20 
is 1 23050 + B.T.U., so that, the value of the decomposition 
will be 123050 -B.T.U. 

.*. Decomposition of water, ... ... ... ... 123050- 

Formation of carbon monoxide, 52000 + 



Ueat of the double reaction, ... ... 71050- 

Every pound of carbon, therefore, which is burnt by means 
of steam absorbs 5920 British units of heat. 

It is quite obvious, therefore, that the quantity of steam 
which can be used is limited, for unless enough heat be sup- 
plied in some other way to make up for this absorption of 
heat, and also to make up for all losses in the producer, the 
temperature will fall and the action will cease altogether. 

Assuming that there were absolutely no loss of heat, ancL 
that the temperature were high enough to start the reaction, 
about 1 -4 lbs. of carbon must be burnt by air to supply th^ 
heat necessary for the combustion of one pound of carbon b^^ 
steam. 

In this case the heat evolved by the combustion of the gsus 
would be identically the same as that which would be evolve<3 
by the combustion of the solid carbon. This may be seen from 
the following figures : — 

C + 20=:C02=: 174528 + B.T.U. 

C + H20^CO + 2H= 71050- 

CO + O^COo = 122428 + 

2H + = 123050 + 

245478 + 



Difference, 174528 + 

There is therefore no loss of heat. The steam only effects 
the transference of some of the beat from the producer to the 
furnace. 
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It need hardly be said that these conditions can never be 
>ven approached in practice, and that therefore the quantity 
>f steam used is always very much less than the maximum 
jbow^n above. 

The proportions of steam and air used are usually given by 
volume. In round numbers, 1 volume of steam contains as 
much oxygen, and is therefore as efficient for burning carbon, 
as 5 volumes of air. For combustion of carbon in the theo- 
retical ratio 1 part by steam to 1*4 parts by air would require 
the steam and air to be in the ratio of about 1:7, or the mix- 
ture would contain about 12*5 per cent steam and 77*5 per 

cent air. The maximum proportion of steam used in practice 

is about one-third of this, or perhaps in rare cases a little 
j more. The amount of steam used does not depend entirely on 

the amount supplied, since, if it be used in excess, some may 

escape undecomposed. 

Calculation of Composition of Gas. — Assuming that 
coke or charcoal is the fuel fed into the producer, and know- 
ing the composition of the mixture of air and steam supplied, 
it is possible to calculate the composition of the gas, and also 
the amount of heat lost in its preparation. Assume that 
the mixture of air and steam supplied contains 5% of steam 
and 95% of air — i.e. in 100 litres, 5 litres of steam and 95 
litres of air — 5 litres of steam will contain oxygen which in 
the free condition would occupy 2*5 litres, and the 95 litres of 
^^ will contain (assuming 21% of oxygen) 19 95 litres of 
H^gen, and of course 75*05 litres of nitrogen. Since water 
vapour contains its own volume of hydrogen which will be 
^^oerated, the resulting gas will contain 5 litres of hydrogen, 
^^nce oxygen gives twice its own volume of carbon monoxide, 
^® Composition of the gas will be — 

Hydrogen, 5 litres =: 4*00% 

Carbon monoxide from steam, ... 5 ,, = 4*00 

Carbon monoxide from air, 39*9 „ = 31*90 

Nitrogen, 7505 „ = 60-10 
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It is possible to calculate also the amount of heat saved by tl 
use of the steam; the amount of carbon burnt by steam coi 
pared with that burnt by air is in this case as nearly as p 
sible 1:8; so that 

1 lb. of carbon burnt by steam =: 5920 -B.T. 

8 Ibd. of carbon burnt by oxygen=4333 x 8 =34664 + 

Heat evolved in producer =28744 + 

Or for one pound of carbon, = 3194 + 

Total heat which could be evolved by the combustion of 

one poimd of carbon to carbon dioxide, ... = 14544 + 

Loss % = 22 as against 33 when no steam was used. 

In the calculations, it has been assumed for simplicity tl 
coke is the fuel used. In practice coal is always used. Tl 
is coked at the top of the producer, the products of distillati 
mixing with the gas which rises from below, so that the ^ 
actually obtained is a mixture of the gas produced by t 
action of air and steam on the coke with that resulting fn 
the distillation of the coal. The gas is, therefore, richer 
hydrogen and hydrocarbons, and has a higher calorific po)fi 
than that which would be obtained from coke. 

Sources of Loss of Heat in Gas Producers.— The 

are many sources of loss of heat in the gas producer, and t 
aggregate of them determines the maximum amount of stes 
which can be used, since all losses must be made up by t 
combustion of the coke by air. Some of these sources of he 
are peculiar to the producer, and therefore militate agaii 
the efficiency of gaseous fuel ; others are common to all clasn 
of fuel. The sources of loss are — 

1. Heat carried away by gases. 

2. Heat lost by radiation. 

3. Heat absorbed by dissociation of the solid fuel. 

4. Heat carried out with clinker, &c. 

5. Carbon dioxide in the gases. 

6. Water in the gases. 

L Seat carried avxiy in gases. — ^TVoa \a ^ N«t^ \Kt^^ V\ 
in all ordinary forms of producer, aa >iXi^ ^^a*^ ^'e^^^^ 
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a very high temperstme. In die ^^m-lieutli trpes of pro> 
ducer it is necessary to allow tlie gases to escape hoc in ori[kr 
to produce a drau^t^ bat with the dosed-heuth prodnciers 
there is no need for this, and the ooolo- the gases an? the 
better, as there seems to be no advantage in sending the gas 
hot to the regenerators. 

Taking for simplicity a {Htidnca' fed with coke: for each 
pound of carbon consumed thane will be about 6-8 Ihs. of gas. 
and assuming this to escape at a tempeiatare <^ 600~ F. the 
amount of heat carried away by it will be 6-8 x 600 x -25 = 
1070 units, or about ^ of the heat evolved in the producer 
when 5% by volume of steam is used. If the temperature 
were 1000°, 1700 units of heat would be thus lost. 

2. Heat lost by radiation, — ^This is probably very considerable 
in all cases, but no sound estimate can be made as to its 
amount. In some forms of producer it is utilized in heating 
the air. 

3. Heai due to dissociatitm. — ^Undoubtedlv, the dissociation of 
the coal into coke and gaseous products absorbs some heat ; the 
amount is, however, probably small and has not been deter- 
loined. It is of little practical importance, as the same loss 
takes place when solid fuel is burnt in an ordinary fire. 

4. Heat carried away in solid products. — The heat due to the 
kigh temperature of the solid products is of little moment, as 
it is usually small in amoimt. In water-bottom producers 
there is little loss from this source, as any heat is utilized in 
volatilizing some of the water. In bar-bottom producers there 
IS often considerable loss from imbumt carbon falling through 
the bars. 

5. Carbon dioxide in the gases. — Most producer-gas contains 
some carbon dioxide, and the presence of a considerable quan- 
tity is not infrequent. This is probably the most serious source 
of loss in most forms of gas producer. The presence of carbon 
QJoxide is always due to the column of fuel either not being 
^6ep enough or not hot enough to decompose all the carbon 
oJoxjde which may be formed. When it is Temeicfcet^ \Jtv5v\» \k<^ 

^oversion of a pound of carbon into carbon dk«i!5L^ ^n^^^^ 
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about three times as much heat as the conversion into carl 
monoxide, it will be seen that a very large amount of h< 
may thus be lost, and the efficiency of the gas very serioui 
diminished. No producer can be considered as being sat 
factory which allows any sensible quantity of carbon dioxide 
piss into the gas. 

6. Excess of steam, — This is also very objectionable, and 
due to the supply of more steam than the coke can decompo 
un<ler the conditions of working. Steam has a high speci 
hejit and a high latent heat, so that it may carry away a cc 
siderable (quantity of heat. 

The actiuil loss from all sources has been variously eg 
mated. It should not exceed 15 to 20 per cent of the availal 
heat of the fuel, but it is often very much more. Sienw 
gives 12%, but this is certainly too low. 

Working the Producer. — With the introduction of i 
closed-hearth producers the need for a draught, and theref< 
for the overhead cooling-tubes, disappeared, and in all mod< 
plants they have been dispensed with, underground flues be: 
8u])stitnte(l. It is still a moot point whether any advantage 
to be gained hy sending the gas to the regenerators hot, 1 
no attempt is made now to cool the gases, and where the 
overhead flues are still used, they are very frequently thic" 
lined with fire-brick so as to prevent cooling. Unless the 
})e destroyed by passing the gas through hot fuel — as is d< 
in many of the producers already described — the gases on c( 
ing will deposit tar and sooty matters, which are troublesoi 
If, however, the gases be kept hot there is comparatively lii 
deposition, most of the tarry materials being carried over 
the furnace and burned. In some cases an excess of stean 
intentionally used, it being contended that the steam com 
in contact with the tarry matters in the regenerators i 
convert them into carbon monoxide and hydrogen, which 
thus added to the gas. 

The cleaning of the flues is often a matter of considers 
trouble, and in most cases tYie tarry xa'a.ttetv^ «c^ \i\« 
oat 
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Mond Gas. — M. Mond obtams a gas somewhat different 
ifeom ordinary producer-gas by using a very large excess of 
:0team. The producer used is of the water-bottom type, and 
[tJie products of distillation of the coal are made to pass through 
|t)ie incandescent fuel so as to destroy the tar in the usual way. 
! About 2^ tons of steam is blown in for each ton of coal con- 
[somed, the greater portion of it passing through undecomposed. 
[Each ton of coal yields about 160,000 cubic feet of gas, which 
las the composition — 





By Volume. 


By Weight 


Carbon dioxide, 


171 


32*0 


Carbon monoxide, 


11-0 


131 


Olefines, 


-4 


•5 


Marsh-gas, 


1-8 


1-2 


Hydrogen, 


27-2 


2-2 


Nitrogen, 


42-5 


51-0 



100-0 



Combustible gas, per cent, 40*4 

The calorific power of the gas is — 



100*0 



17-0 



Carbon monoxide, 
defines (CjH4), 
Marsh-gas, 
Hydrogen, 

Calorific power. 



•131 X 4418= 679B.T.U. 
•005x21343= 107 
•018x24021= 432 
•022x61524 = 1354 



= 2572 



And, as 1000 cubic feet would weigh about 65*68 pounds, this 
would give 168929 B.T.U. 

The amount of beat lost in the producer is said to be not 
more than 20 per cent of that obtainable from the coal. The 
large amount of steam carried through must be condensed, 
and as the amount of ammonia in the gases is large (up to 
% lbs. of sulphate per ton of coal), it is passed through scrubbers 
before use. It contains very little tar. The washed gas has 
been found to be efficient for heating a steel furnace. 

The cost of raising the steam is considerable, but this is far 
more than paid for by the large amount ol ai!imom\mi«Q\:!^ 
^btalnecL 
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The Blast-furnace as a Gas Producer.— The iroz^ 
smelting blast-furnaces are the largest gas producers in tb^ 
world. The gas is merely a by-product, and though it h3^ 
been used for heating the blast for working the furnaces^ 
and for other purposes, it is only recently that much attention 
has been given to it. The gases from blast-furnaces are of 
two kinds, depending on whether coke or coal is used as tlie 
fuel. 

If no changes other than those produced by the action of 
the air on the coke took place the gas would be exactly of the 
nature of producer-gas; but the furnace is used for smelting, 
and this modifies the result. The air blown in at the twyers 
at once attacks the carbon, forming carbon monoxide, which rises 
up through the charge. Coming in contact with oxide of iron 
it reduces it, at the same time being converted partially into 
car])on dioxide, Fe^Og + 3 CO = 2 Fe + 3 CO2, which thus mixes 
with the gas, and as this change takes place at a temperature 
below that at which carbon can act on carbon dioxide this gas 
is not decomposed. Limestone is also added as part of the 
charge, and this is split up at high temperature into lime and 
carbon dioxide, CaC03 = CaO-hC02; as, however, the tempera- 
ture at which this reaction takes place is high the resulting 
carbon dioxide is wholly or partially converted into carbon 
monoxide. 

The following analyses (by volume) of gas from coke-fed 
blast-furnaces will indicate its nature : — 





1. 


2. 


8. 


4. 


Carbon dioxide, 


11-39 


12-01 


•9 


5-9 


Carbon monoxide, 


28-61 


.24-65 


84-6 


29-6 


Nitrogen, 


67-06 


57-22 


64-4 


63-4 


Hydrogen, 


2-74 


5-19 


— 


•1 


HydrocarbonR, 


•20 


'93 


1 


M^MM 



1, Coke, Ebelmann. 2, Charcoal, Ebelmann. 8, Coke, Thwaite. 4, Charcoal, Thwaite. 

Owing to the quantity of carbon dioxide present the calorific 
power of the gas is low. Taking ^o. 1 «.» «i ty^^ tha calorific 
power can be calculated. 



1 
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-Twl 


Carbon dioxide,... 


... 11-39 Utresi 


= 22-45 gms. — 


"^ j<M 


Carbon monoxide, 


... 28-61 „ 


35-85 „ =86613 unite. 


■^.:M 


Nitrogen,... 


... 57-06 „ 


71-51 „ - 


-^^J 


Hydrogen, 


... 2-74 „ 


•25 „ = 8545 „ 


^r^ 


Methane, 


... -20 „ 


•14 „ = 116 „ 



173 



100-00 litres. 130 20 gms. 95274 units. 

Or the C.P. in Centigrade units is 732. In RT.U. this is 1317. 

1000 cubic feet will weigh 81-6 pounds, and will therefore 
eyohe on combustion 107467*2 B.T.U. 

. In Scotland, and in some parts of England, the furnaces are 
fed with splint-coal, raw, i.e. uncoked. The gases are there- 
fore enriched by the admixture of the products of distillation 
of the coal. 

The following analyses will show the nature of these gases : — 







1. 


2. 


8. 


4. 


Carbon dioxide, 




8-57 


8-61 


5-4 


6-79 


Carbon monoxide. 




27-15 


28-06 


30-1 


26-40 


Hydrogen, 




5-48 


5-45 


6-2 


12-23 


Marsh-gas, 




4-29 


4-37 


3-2 


1-71 


Nitrogen, 




54-29 


53-38 


551 


58-81 


Ammonia, 




not est. 


•13 






Again taking No. 1 as 


a type— 








Carbon monoxide, 


27-15 Utre8= 


= 16-91 gm 


IS. = 82458 


units. 


Carbon dioxide, 


8-57 „ 


34-13 „ 






Hydrogen, 


5-48 „ 


•49 „ 


=1:16748 


»> 


Methane, ... 


4-29 „ 


3-07 „ 


= 2557 


»5 


Nitrogen, 


54-29 „ 


68-05 „ 







100-00 litres. 122*65 gms. 101763 units. 

Or the calorific power in Centigrade units is 838. In B.T.U. 
the C.P. is 1508. 

1000 cubic feet weigh 76*5 pounds, and would evolve on 
combustion 115362 B.T.U. 

It will thus be seen that the gases are quite comparable 
with those oi a gas producer and are as good a& ^otcl^.^ 1q>^ 
there are many cases in which producer-gas coii\A\i\& ^"s^ tsWlOql 
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carbon dioxide as blast-furnace gas (see table of analyses, p. 
IA'2). In iron-works the gaa obtained is usually far more than 
enough to drive all the plant of the works, and in some casea 
has l>con utilized in addition for steel-making and other 
purposes. 

Wahhcd and Unwabhbd Blast-furnace Oas. 





1 


„ 




CBrtnn dioxide. 




Wuiicd. 


In BBch 

uaee Aver- 


623 


7S2 


Uy.ln.gBn. ... 




28-19 
10-21 


28-00 

7-11 


MiinJi-ipus ,„ 
Nitn-gKii, ... 




1-78 
53'GS 


277 
54 'U 


M.ri-tur^ ... 




'Bliegnii,pera.ft. 


'2084 




T«r, 




■427fl „ 






I'ur Hjiit comlniBtiliK 


40'21 


37 '84 




Cttlurimiiuri 00 litres, 


128'138 


12f.-784 




».T.U.|«,r 1000 c. ft.. 










1978° C. 


1833° C. 





The blaBt-furnace is probably the moat perfect gas-producing 
pUnt, and this for several reasons. 

1. Owing to the high column of material the gasea can be 
effectively cooled. This cannot be bo well done, however, owing 
to the chemical reactions, in a blast-furnace used for smelting 
lis it could in one used only for gas producing. 

2. Owing to the depth of the column of material and its 
high temperature, the gas as it passes up is quite free from 
carbon dioxide, that gaa being subsequently added by chemical 
reactions which would not take place in a blast-furnace used 
only for gas-making. 

3. Owing to the slag being tapped out in the liquid con- 
dition there is no loss by the escape of unconsumed carbon. 

Comparison of Gas Producer and Blast-furnace. — 

Gas producers are usually worked at a very low pressure, 

2 to 10 inches of water, and the amount of coal ^sified is 

usually about 25 lbs. per aqua-re loot ol ^^.x* » 
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per hour, reaching a maximum of 40 or 50 lbs. in very quick 
driving. 

A blast-furnace is worked at a much higher pressure, 2J to 

7 lbs. per square inch. An ordinary furnace with a hearth, say 

8 feet in diameter, will consume, Le, gasify, about 70 tons of 
coal in the 24 hours, which is equal to about 130 pounds of 
coal per hour per square foot of bottom, and with larger fur- 
naces the consumption is very much greater. It is a wonder 
that the blast-furnace tjrpe of producer has not been more 
largely used, for it offers advantages that are not possessed by 
any other form. Steam could readily be used, and a rate of 
production reached in excess of that at present given by any 
producer in use, whilst the sources of loss due to the escape of 
hot gas and the production of carbon dioxide would be effectu- 
ally diminished if not stopped. 

Water-gas. — When steam is passed over red-hot coke, as 
already explained, a mixture of carbon monoxide and hydrogen 
is produced which is called, very improperly, water-gas. As 
this reaction is powerfully endothermic, heat must be sup- 
plied either by working the apparatus intermittently, or by 
heating the retort in which the action takes place by separate 
fires. 

The Strong Producer. — This producer is one of those 
most largely used in America, though it has never come into 
use to any extent in this country. It consists of three fire- 
brick chambers, the one a producer, the other two regenerators 
filled T\'ith a chequer-work of fire-brick. The producer is filled 
with coke in the usual way, and air is blown through, thus 
producing ordinary producer-gas. At the surface of the charge 
this meets more air and is thus burned, and the products of 
combustion pass down the one regenerator and up the other, 
thus heating the brickwork to whiteness. When the regener- 
ators are sufficiently hot, the air current is stopped and steam 
is blown in to the top of the first regenerator. By the time the 
steam reaches the producer it has become iivtew^^Vj \v<^^ ^^^<ic 
partMJjr decomposed. As it enters the pxodvi^et \\* \£ia<i^& ^ 
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stream of coal-dust fed in from a hopper ; this is distilled 
the heat, and the products of distillation pass with the stesi^xn 
through the hot coke, where decomposition is completed, ax^ci 
the gas passes away either to a gas-holder or to the fumac^o. 
When the coke in the producer is cooled the steam is turned 
off, and air is passed through again until the temperature is 
brought up to the required point. 

The Lowe Producer. — This form of producer is also 
largely used in America, mainly for the production of illuod.!- 
nating gas. The gas, therefore, is washed by .being pas»c3d. 
through a scrubber before passing to the gas-holder. Tl^e 
apimratus consists of two parts, a producer and a regenerato^r, 
both of which are circular chambers lined with fire-brick; t^Xie 
former is provided with fire-bars on which the fuel rests, &:Mr^^ 
the latter is filled with a chequer-work of fire-brick. The p^r^^* 
ducor is charged with anthracite and blown in the usual wa^^^ > 
the producer-gas thus obtained is passed into the regenerat^^^^ 
and burned so as to heat the brickwork to a very high teKT^*^' 
peraturo, the products of combustion being allowed to esca J^^ 
into the air. When the regenerator is hot enough the chinf*' 
ney-valve is closed, and that leading to the scrubber and ga^" 
holder is opened, the air supply is stopped, and steam, prefef- 
ably superheated, is blown into the producer; it is of course 
decomposed, a mixture of carbon monoxide and hydrogen 
being produced. At the top of the producer this meets a spray 
of petroleum, which is at once volatilized, and passing with the 
water-gas over the hot brickwork in the regenerator, becomes 
converted into permanent gases which pass through the scrub- 
ber to the gas-holder. When the coke is too cool to decompose 
all the steam, the steam is turned off, and air is again sent 
through it. 

Plant at the Leeds Forge, — Most of the water-gas 

plants erected in this country have been on the principle of 

that erected at the Leeds Forge. This consists simply of a 

producer without any regenerative e\\a.TD\>«t. \\» Sa ^\x<sviX3Mt 

in form, lined with fire-brick, and TVTcw\cVe^ ^^ ^ ewa^Ti% 



per at tte top. The fuel used is usually coke. Air is 
ni in at tlie bottom, aud thus tho coke is consumed and 
temperature rapidly rises, the producer-gas obtained either 
g allowed to bum at the chimney, or being conducted to 




<r other furnaces for use. When the coko is sufficiently 
the air and producer-gas valves are closed, and steam is 
»n in at the top of the producer, the water-gas escaping 
he bottom and passing to a gas-holder. When the coke 
ifficientl^ coo7, the currents are reversftd ani kh \& %«a^. 



througa till it is again hot enough to produce water-gas. Tl 
times at the Leeds forge being about i miniitea gas makin 
and 10 minutes heating up. The coke yields about 34,00 
cubic feet of water-gas per ton. 

The Loomis Producer. — This is one of the most receni 
and successful forms of water-gas plant. It consists of a cjliu 
drical casing about 12 feet x 9 feot, lined with fire-bricli. Al 
the top is a charging door, and at the bottom a lire-bricl 
grate over an ash-pit, across which are placed slabs of fire-brick. 
The ash-pit is provided 

"" ";'• ™" with a door, and al»ft 

T^^^Si^i.'^ brick-lined tube leading 

to a boiler, and tbenn 
to an exhauster. The 
n..™i»-.w producer is provided 
"*""'*' with a cleaning door, Mid 
also with a series of porU 
-B leading to the gas main. 

Coalorcoke may be usee 
as fuel. The produce 
being charged the chari 
ing door is left open, tfc 
exhauster set in actio 
and ail- is drawn downward through the charge; the produc 
gas thus obtained, passing through the ash-pit, heats the sup' 
heating slabs to a very high temperature, and passing to 
boiler its sensible heat is used for steam raising. It is ik* 
passed to a gaa-holder. As soon as the charge is sufficiera' 
hot the charging door is closed, steam is blown into the a-< 
pit; passing over the hot superheating slabs it becor» 
strongly superheated, and then passing up through the I 
coke water-gas is formed which passes away by the ports 
the water-gas holder. 

Mr. Loomis gives the following estimate ae the coat f 
1,000,000 cubic feet of gas with coal a,* 




GASEOUS 

Coal, 25 toTiH at $300, 
Coal for steam, 3 tons, 

Labour, 

Supplies and repairs, 
PurifyiBg ... 


FUEL. 

• • • • • 

• • • • • 


175-00 

900 

2200 

400 

5-00 


Received for producer-gas, . . . 


11500 
4400 


Interest and depreciation, ... 


75-00 
2500 
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100-00 

Or cost per 1000 cubic feet, $0*10 = say 5rf., or if the producer- 
gas be lost, $0*14, say 7rf. 

Nature of Water-gas. — ^Water-gas has a much higher 
calorific power than producer-gas, as will be seen from the 
following figures : — 



Hydrogen, 


49-17 Htres 


4-40 grannmes 


= 159192 units. 


Methane, 


•31 „ 


-22 


>» 


183 „ 


Carbon monoxide, 


43-75 „ 


54-89 


» 


133062 „ 


Carbon dioxide. 


2-71 „ 


5-34 


>» 




Nitrogen, 


4-00 „ 


5-09 
69-94} 


19 

zrammes. 






100-00 Htres. 


292254 units. 



Or the calorific power would be 4180 in C. units, or 7524 in 
B.T.U. 

1000 cubic feet weigh about 43 pounds, and would therefore 
'volve 323532 B.T.U. on combustion. 

1000 cubic feet of water-gas will therefore evolre on com- 
•Ustion about twice as much heat as enriched producer -gas 
nd three times as much as simple producer-gas. 

Water-gas therefore is well suited for use where a high 
Bmperature is required to be attained quickly. It burns 
^th. a non-luminous flame, but it may be used for lighting by 
^king it heat a comb or mantle of magnesia, zirconia, or other 
^^ible earth, or it may be made luminous by making it take 
P some volatile hydrocarbon. If acetylene can be produced 
' « cheap rate, it should be easy to make a gc>cA lumwovis 
* fy mixing water-gas with it. 
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Wat€r-gas is very poisonous and is odourless, and 8e\> ^^^y 
accidents have happened by the non-detection of escapei^^y^ 
obviate this danger the gas is frequently mixed with ^cihq 
strong-smelling volatile body such as carbon disulphide. 

The great objections to water-gas are the necessity for mdJmg 
it intermittently, so that gas-holders are necessary, and that sucli 
a large quantity of producer-gas is obtained at the same time— 
this usually being about four times the amount of the water-gas. 

Oil-gas. — This gas is made by the destructive distillation 
of oil at a high temperature, with or without the use of steam. 
It is almost entirely used for Kghting purposes, but has been 
tried for furnace use. In the Archer process "steam super- 
heated to about 1000° F. is made to pass through an injector 
and draw with it a quantity of oil which becomes mixed with 
the stcivm. The mixture is further heated to about 1300°F., 
when it receives aji additional quantity of oil; and finally the 
mixture is heated to 2400° F., whereby it is converted into 
permanent gas." Gas made by this process is called water-oil- 
gas. In the Pintsch, and some other processes, the oil is 
gasified by ])oing allowed to drop into red-hot retorts. 

The yield of gas varies very much, but it may be taken as 
being from 80 to 150 cubic feet per gallon of oil, or about 
22,000 to 42,000 cubic feet per ton— the higher quantities 
only wlien steam is used \vith the oil; and at the same time 
there is a considerable quantity of liquid residue. 

The gas has a heating power of about 21000 B.T.U. per 
pound, or 550 units per cubic foot. 

Composition of Various Gases. — The analyses on p. 182 will 
give a good idea of the nature of the gases used as fuels. ^ 

The composition of the various gases is graphically shown 
in Fig. 50. 

Advantages of Gaseous Fuel: — 

1. The supply of both air and gas is under control, so that any 
required temperature can be maintained with perfect regularity 

^No8. 1 to 21 are from a paper by Mr. G. mtc\\\e, Tea.OL\iftloT^ \>c^«i^%«X.vA^<i^\x»»>^ 
Iron aad Steel Institute. Author is lAx. mtcYAo. 
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for any time; and also the nature of the flame can be regulated, 
so that it can be made oxidizing, reducing, or neutral, as required. 

2. Perfect combustion can be maintained with a very slight 
excess of air over that theoretically required, and no smoke 
need be produced. 

3. Much higher temperatures can be attained than is possible 
with solid fuel, as both air and gases can be heated to a high 
temperature by means of regenerators before combustion. 

4. Changes of temperature being less, the furnaces, &c., will 
last longer. 

5. A commoner quality of fuel can be used. 

6. The great ease with which the gas can be conveyed in 
pipes to any part of the works required, all the solid fuel being 
delivered at the producers placed conveniently for the purpose. 

7. The gas can be used directly for the production of energy 
In a gas-engine. 

The disadvantages are — 

1. Danger of explosion. This is of no importance, as 
accidents are easily prevented. 

2. The flame of many of the gases being only slightly 
luminous, its radiative power is not very high. 



CHAPTER VIII. 

RECOVERY OF BY-PRODUCTS. 



Nature of By-products. — When coal is subjected to 
destructive distillation, whether for the coke or for the gas, 
other products are produced. These are mainly tarry matters 
and ammonia, and as these are valuable, many attempts have 
been made to recover them. 

Coal contains about 1 to 1*5 per cent of nitrogen, and when 
the coal is distilled under ordinary conditions about 15 per 
cent of this goes ofi" in the form of ammonia, and can be 
collected and converted into ammonium svdifhate^ the yield 
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feeing, under ordinary circumstances, about 25 lbs. of ammoi 
sulphate per ton. 

Method of Collecting the By-products. — Tk^w is 

almost always done in the same way. The gases are p»r^S86t/ 
through cooling-tubes or "atmospheric condensers", and <:iien 
through scrubbers or 'washers, where they are brought iiito 
contact with water, and all the condensable and soluble con- 
stituents are removed, the permanent gases only escaping. 

Recovery from Coke Ovens. — It is only recently that 
attempts have been made to recover the by-products from 
coke ovens, it having been the general opinion that they were 
all needed to effect the coking. The gases alone, however, are 
quite sufficient, and, if regenerators are used, only a portioJ^ 
of those is required. 

In the case of coke-making the total quantity of gas to b^ 
dealt with is small, as it is only the gas distilled from the coa^^ 
unmixed with air or steam, and the coals used for coking wil^ 
pro])ably not yield a very large quantity of gas. 

The gas from the ovens passes into a main, that from all 
the ovens flowing to one set of condensers. The condensers 
consist of a series of vertical wrought-iron pipes standing on 
an iron box, with partitions between each pair of pipes, those 
separated at the bottom being connected at the top by a cross 
pipe, so that the gas has to travel up and down through the 
whole series. The cooling surface of the pipes should amount 
to about 7 or 8 square feet for each 1000 cubic feet of gas per 
24 hours, and assuming that the coal used gives, say, 10,000 
cubic feet of gas per ton, this w^ill be about 70 or 80 square- 
feet of surface for each ton of coal coked per 24 hours. 

From the atmospheric condenser the gases pass to the 
scrubber. The scrubber is usually a circular iron vessel about 
20 feet high, and 8 to 10 feet in diameter. The arrangement 
inside the scrubber varies very much. In the common form 
it is provided with a series of perforated shelves, on each of 
which 18 placed a thick layer oi coke, ox \)iiei n^V^^^ \«^<Bt K'e. 
looseljr patched with coke, and a spx^^ -^ '^^^ oi -w^\«t S& V«^\» 
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<^oiistantIy falling. The ascending gaa meets tbe descending 
w^ater, and, being brought into contact with it and the wet 
coke, all the ammonia is dissolved out 

In the Livesey scrubber, which is very largely used, the 
tower is filled with a series of boards, 9 to 11 inches wide 
Bid 3 inches thick, set on edge at a distence of 1 inch 
spart, the layers being arranged one above the other so as to 
break joint, and water ie allowed to trickle down, exactly as 




be flnt ivlUi euiag 



in the coke scrubber. The amount of water used is about 10 
gallons per ton of coal or coke. 

The passage through the condensers and scrubbers cools the 
gas, and at the same time its passage is hindered, and it is 
necessary to use an exhaust of some kind to draw it through 
and produce a vacuum of about 2 inches of water, the gas 
being returned to the ovens under a pressure of about the 
same amount. 

Root's blowers or fans are usually used. Steam-jet blowers 
have been tried, but the st«am carried forward with the gas 
is objectionable. 

One form of plant used in a German work is shown in 
£g. 61. Tie gases pass into the cooWb, K.. T\i«ea<ia\«aV'A.\\'3&. 
cylinders, through which pass a \arg6 Ti\aa)oet (A n^sNa^^^ \^«o. 
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tubes, through which water descends, while the gases a« 
around them. Thence the gases pass to the sciiibbers, w. T 
are large iron cylinders, fitted with a large number of 
atod plates. Water is kept falling down the towers, and 
meeting the ascending gas washes it thoroughly. The 
drawn through by means of an exhauster. 

Products of Distillation. — The products recovered are 
tar and ammonia. 

Tar, however, is not a substance of definite composition, l)ut 
varies much in composition and value, according to the nature 
of the coal and the temperature at which distillation takes 
place — tars produced at a low temperature consisting mainly 
of paraffins and other members of the fatty series, whilst those 
produced at a high temperature are rich in benzene and other 
aromatic hydrocarbons. 

Ammonia, — The ammonia liquor separated from the tar i^ 
boiled with lime, the liberated ammonia is received in sul- 
phuric acid so as to form ammonium sulphate; this solution \& ^ 
crystallized, and the crystals are fished out and dried. 

In the Simon-Carves oven the amount of ammoniacal liquor 
obtained is about 27*70 gallons per ton of coal, equal to 26 
pounds of sulphate of ammonia. 

Tar. — Taking the Simon-Carves oven as a type, the amount 
of tar obtained is about 6*12 gallons per ton of coal, equal to 
about 3*3 per cent. It is black and thick, and has a specific 
gravity of 1*2. It contains only small quantities of paraffins, 
and is rich in naphthalene and anthracene, but contains less 
benzene, toluene, and carbolic acid than some gas tars, but as 
much as others. On- the whole, it very closely resembles 
ordinary gas tars, and may be used for the same purposes. 
The figures on p. 187 are given by Mr. Watson Smith as being 
the result of a fractional distillation of 2400 c.c. of the tar. 

The value of the by-products from Simon-Carves oven is 
said to be 4s. ^d. per ton. 

Ovens of other types, in which the heating is not so quick 
or the temperature so high, yieVd a \at oi q^\» ^ ^^^x^^sx. 
nature. Taking, for example, t\ie tax ixom \\ift ;s«ia«e.^xv css^xu 
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"^enap. Cent. 


Vol. c.c. 


P.c. by Vol. 


Bemarks. 


^low 120° 


1 Water, 
( Naphth 


...149 


6-2 




^" ^"^ ¥ » Jk •* ^^ 


a, 39 


1-6 




„ 210 


>» 


70 


2-9 




„ 220 


>» 


30 


1-3 


( Nearly all solid naphtha- 
\ lene. 


230 


» 


13 


•6 










r Mixture of naphthalene 


,. 300 


»» 


446 


18-6 


1 and anthracene, with 
i but little intermediate 
^ oils. 
I Nearly all solid crude 


Above 300 


a 


820 
1567 


34-2 


< anthracene ; compara- 
( tively little red oil. 


Half -coked 


pitch, 807 








grins., 


m • • • • • 

Loss, 


807 

2374 
26 







2400 

*s described by Watson Smith, the specific gravity was *949. 
It uras subjected to fractional distillation, and the fractions 
^©re examined. No naphthalene or anthracene could be de- 
tected. Many of the distillates had a distinct fluorescence, and 
* considerable quantity of paraffin wax was obtained. The 
coie residue left in the retort from one litre of the tar was 
^"^ grammes. 

Where it is intended to recover the by-products, the coal 
should be coked at as high a temperature as possible. 

By-products from Gas Producers. — The recovery 
by-products from ordinary gas producers has only been 
^^teinpted in a few cases, and at present there is not sufficient 
^^dence to form a reliable opinion as to the advisability or 
^^t of this. The conditions of distillation are quite different 
^ those in the coke oven, and the amount of gas to be dealt 
^th is very much larger, amounting to about 130,000 cubic 
*®et for each ton of coal consumed, and therefore the condens- 
^^phmt muBt he on ii much larger scale. 
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with the double object of, so far as possible, drying the l^ar by 

exposure to the hot gas, and at the same time entangling the 

tar particles from the gas as it passes through the serrations."^ 

The gas reduced in temperature in the tar-washer to 200" F. 

passes to a collecting main, then to the condensers. These 

consist of four boxes made in sections, each box having 27 

pairs of 8-inch steel pipes 30 feet high; the boxes are fitted 

with serpentine plates with serrated edges, sealed with liquor, 

through which the gas has to pass. The four boxes are 

arranged at diflferent levels, so that fresh water is supplied 

to the fourth and runs down to the first, whence it passes to 

the store-tank. The gas is drawn through by an exhauster. 

The tar and ammonia liquors are drawn off and treated in 
the usual way. 

The question whether it is advisable to wash producer-gas 
cannot be said to be definitely settled. The tar and ammonia 
can be recovered, but what effect will it have on the gases ? 

The washed gas, being freed from dense hydrocarbons, burns 
with a less luminous flame, and is therefore not suited for 
heating by radiation, a serious defect for some purposes; and 
thete is no doubt but that the heating power of the gases is 
diminished to some extent, but by how much it is at present 
impossible to say. It has been stated to be as much as 20%. 
Analysis gives very little difference between the washed and 
unwashed gas, as is shown by the following analysis of blast- 
fenace gas : — 



^arbon dioxide, . . . . 
^*rbon monoxide, 

^larsh-gas, 

^Aefiantgas 

iJydrogen, 



I^ 



itrogen, , 



Unwashed. 


Washed. 


1. 


2. 


3. 


4. 


7-00 

28-00 

2-73 

6-77 
55-50 


6-60 

27-40 

2-64 

6-86 
56-50 


6-60 

27-20 

2-68 

7-66 
55-86 


6-00 

28-20 

2-76 

7-44 
55-60 



Samples 1 and 3 and 2 and 4 were taken at the same time.^ 

^Journal West of Scotland Iron and Steel Institute, vol. ii. p. 51. 
*Bitchie, Jourtial West of Scotland Iron and Steel Iivstitute, \o\. V. ^A^. 
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In one case, whilst unwashed blast-furnace gas was quite 
satisfactory for working a steel furnace, it was found impossible 
to maintain the necessary temperature with the washed gas. 

On the other hand, the gas is much drier after washing. 

Treatment of Blast-furnace Gases. — Coke contains 
a small quantity of nitrogen, but the amount of ammonia it 
would yield would be so minute as not to pay for recovery, 
so that there is nothing to recover from the gases from coke- 
fed bliist-f urnaces. In Scotland, and in parts of England^ the 
furnaces are fed with coal, and the gases then contain tar and 
ammonia in sufficient quantity to pay for treatment. 

The coals used in Scotland are splint coals, yielding about 
60 per cent of coke and say 40 per cent of volatile matter, 
all of which of course goes into the gases. They also contain 
about 1*4% of nitrogen, about 15 per cent of which escapes as 
ammonia, and can be obtained as sulphate. 

An ordinary blast-furnace of the size used in Scotland will 
consume 400 tons or more of coal per week, and as each ton 
of coal gives about 125,000-130,000 cubic feet of gas, each 
furnace will give about 72,000,000 cubic feet of gas per week, 
or 10,000,000 cubic feet per day. Plant for dealing with the 
gases from six or eight furnaces must therefore be on a very 
large scale. 

Several forms of plant have been designed, most of them 
depending on cooling and washing. 

1. Cooling and washing. 

(1) Alexander & M>Cosh process. 

(2) Dempster process. 

(3) Gillespie process. 

2. Gas washed with sulphuric acid. 

(4) Neilson process. 

3. Gas mixed with sulphur dioxide, and the resulting am- 

monium sulphite washed out. 

(5) Addie process. 

The Alexander & M'Cosh Proc^^^.— Tto^a, ^^ \jafe 
£j^t process brought into use,* and ^e *a»\» ^^sJ!a\. ^i^a w^^cXj^ 
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by Messrs. Baird & Co. at their Gartsherrie iron-works in 1880. 
The gases were collected from eight furnaces, each consuming 
about 60 tons of coal in the 24 hours, so that the amount of 
gas to be dealt with was about 7,800,000 cubic feet per day. 

The gas is collected in a gas-main 7 feet in diameter, pro- 
vided with dust-boxes, and thence passes to the atmospheric 
condenser. This is much like the condenser described for 
coke-oven gases, but is of much larger size, consisting of 200 
pipes 2 J feet in diameter and 40 feet high. They are arranged 
in 20 rows of 10 pipes each connected alternately at the top by 
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Fig. 53.— Alexander & M'Cosh Plant. 



cross pipes, and at the bottom of the box on which they stand, 

<iiapliragms being placed so as to compel the gas to pass up 

the tubes, these diaphragms having a 7-inch water-seal. Each 

particle of gas therefore traverses 20 tubes. The gas enters 

this condenser at 400" F. and leaves at 120° F., and in order 

to ensure sufficient cooling in hot weather a spraying apparatus 

]s arranged. The gas next passes to the water-condenser; this 

18 a large iron chamber 45 feet long, 45 feet high, and 18 feet 

^^de, divided into seven chambers by diaphragms, with open- 

^§8 alternately at the bottom and top, so that the gas passes 

^P One, down the next, and so on. These chambers are crossed 

"y 2700 3-inch iron pipes, connected outside into series by 

. ^ids, through which a current of cold water is kept circulat- 

^'^g, and the gas leaves this at about 60°-70° F. The total 

Cooling surface in the two condensers is about 2^ square feet 

^^ 1000 cubic feet of gas passing each 24 hours. From the 

^ter-condenser the gas passes to the scrubber, a ^cjvxkc^ Yt^u 
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tower 80 feet high and 25 feet square, crossed by a number 
of perforated sloping diaphragms, each of which stops 20 inches 
short of one side, so as to allow passage for the gas even 
though the holes should become stopped with tar, and down 
which a shower of water is kept constantly falling. From the 
scrubber the gas passes to the exhaustei-s, in this case a series 
of lioot^s blowers, giving an exhaust of 3 inches of water and 
a pressure of 2 inches, and is distributed for use to the stoves 
and boilers. 

The gas is free from tar, and only contains ammonia about 
e(|ual to 2 oiuices of sulphate per ton of coal consiuned. 

The tar and liquor are run into a tank of about 70,000 cubic 
foot ciiimdty and allowed to separate. 

Tho ammonia liquor is boiled off in large boilers, the gas is 
passed into iron lead-lined saturators containing sulphuric acid, 
tho saturated li<juor is run into lead-lined iron boxes evaporated * 
by steam, and tho crystals are fished and dried. The yield is 
about 23 pounds of sulphate per ton of coal. 

Tho tar is distilled; each 100 gallons of "green" tar yields 
alwut GO gallons water, 20 gallons of oil, the remainder forming 
pitch which is run out of the stills. The make of tar is about 
40 gallons, equal to 16 gallons of boiled tar per ton of coal. 

In a similar plant erected at another works by the same fimc^ 
the atmospheric condensers are dispensed with, the apparatu^^ 
being in all other respects identical. 

The Dempster Process. — This process is on the sam -^b 
principle as that of Messrs. Alexander & M^Cosh, and giv^ 
almost exactly the same results. It is modified in detail, am 
is a little cheaper to erect. The gas passes through large dusi 
boxes and then into the primary washers. These are large iroi 
boxes divided into four compartments filled with water, so tha- — 
the gas has to pass four times under water in its passage. Thi 
bottom of the washer is made to slope so that the separatee 
tar all runs to one end. The gas then enters the atmospheric 
condenser, which is exactly similar to that already described^ 
Tie box on which the pipes rest aXao ^o^^ \» cs^aa «iA^ ^*i 
to allow the ^separated ♦^^ *^ c«A\act, wa.^ n^^n^ «c^ v 
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SO that any row of pipes can be shut oflF for cleaning. The gas 

next passes to the exhausters, which are sometimes Root's 

blowers and sometimes ordinary horizontal-cylinder blowing 

engines, and is forced on through another set of washers, and 

then to the scrubbers. Four scrubbers are used 100 feet high 

and 12 feet in diameter, the gas being brought from the top of 

the one to the bottom of the next by a pipe, so as to ascend the 

four in order before passing to the stoves. The scrubbers are 

filled with boards set on edge. Fresh water is supplied to the 

fourth, this is again pumped up for the third, and so on ; so 

that a fairly strong liquor is obtained at the first scrubber. 

Between the scrubbers and the stoves a water-valve is placed, 

so as to prevent risk of explosion. 

"Mr. Dempster puts down the cost of his apparatus at 
£6000 per furnace." 

The Gillespie Plant. — This is the most recent of the 
cooling and washing type of plant. It differs from the others 
in several important points, and is probably the most efficient. 
The huge scrubbers used in the other forms are dispensed 
with, Mr. Gillespie contending that washing, if properly carried 
out, is quite as efficient as scrubbing. The principle on which 
Mr. Gillespie^s washers are based is that of breaking up 
the gas current into a large number of small streams, which 
are therefore brought into very intimate contact with the 
^ater. 

The washer (Fig. 54), which is an important part of this 
plant, is a long iron box, divided into two by a horizontal floor, 
the space above this being again divided into two by a longi- 
tudinal vertical division, the gases being delivered on the one 
®i<le and escaping from the other. 

Beneath the horizontal division are arranged a series of 
ti^nsverse plates with finely serrated edges, which dip beneath 
^he water in the lower part of the vessel. The two chambers 
^l>ove the horizontal division communicate by means of open- 
^'^ with opposite sides of these transverse divisions. The 
from the furnace enters the left-hand wpper Q\i?cvxJci^^ ^w^ 
-"igb the opening into one ol t\ie Vywet ^\NmQVN&, 
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This being of large area the rate of flow slackens and the gas 
bubbles up slowly under the division plate, and is broken up 
by the serrated edges of the plate into numberless minute 
streams. It then passes up into the right-hand division and 
away. It will be seen that the right and left upper diyisions 




^^^f"*^} 



Fig. 54.-OUlen>ie's Wasben at Wisbaw Steel Woriu. From Snoineerinff, 

of the washer communicate with opposite sides of the transveiT 
divisions. 

A plant on this system has recently been erected at tB 
Wishaw works of the Glasgow Steel & Iron Company.^ It 
gas from the four furnaces passes through an 8-foot brick-linei 
main to the primary washer, which it enters at 250° F., aa 
after being washed either with tar or water, leaves at aboii 
130^ F, Thence it passes to tli^ atisio«^\ienR. <:5^\!kdft\^siA7^ atu 

J See JS>^n«miv, iroL Hi., ia». P- ' 
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p and down through eighteen pairs of tubes, each tube being 
>4 feet high and 20 inches in diameter. These cooling-tubes 
tre arranged in sets on separate tanks, so that any set can be 
JUt out for cleaning or repairs without interfering with the 
rest, and a spraying arrangement is fixed for use when 
necessary. The gas leaves these condensers at about 70° F., 
passes through a washer, then through the exhausters (in this 
3ase Root's blowers), through another washer, and into the 
eturn main. Valves are fitted at various parts of the ap- 
aratus so as to prevent danger of explosion. The, tar and 
nmonia liquor are separated as usual. The ammonia is 
>iled from the latter and converted into sulphate, and the 
I* is distilled for oil and pitch. The water which comes over 
the commencement of the tar distilling contains a little 
ixmonia, and is sent back to the washers. 

In a j)lant of this type 119 lbs. of pitch, 10 gallons of oil, 
d 23*3 lbs. of ammonium sulphate were obtained for each ton 
coal consumed. 

"The by-products stated to be obtainable per week at Wishaw 
^ given as — 

Coal consumed, 2000 tons. 

Pitch recovered, 100 tons = £120. 

Oil recovered, 20,000 gals. = £125. 

Sulphate of 'ammonia, 20 J tons = £225. 

lie cost of the plant for four furnaces is about £28,500. The 
^t of running the plant, wages, and superintendence are put 
b £30 a week, and the sulphuric acid costs about 20^. per ton 
f sulphate.^ 

The Neilson Process. — In this process the gases are first 
massed downwards through a water scrubber, then upwards 
ihrough a second scrubber, in which they are washed with 
i descending stream of sulphuric acid. The whole of the 
akmmonia is recovered, but the sulphate is apt to be contami- 
nated with tarrj matters, and the recovery ot t*a.T \^ «»\!a5a.ll, 

J Engineering, loc. cit. 



19(1 rL*Rt. AND RKKKAL-rORT HATEttlALS. 

The Addie Process. — This process was cAiriei] on tit < 
I^inyloiin Works. The gases were collected into a main in 
wiili sulphur ilinxiHe, obuined by burning pyrites in a 
blual-funuicus, anil the inixet) giises were paased through 
Bcnibbers, pasaiDg up one atid down tlie other. Almost d 




whole of the ammonia was recovered, but only about 40 ] 
cent of the tar. The smmonifi was present in the solut 
ae acid sulphite, sulphate, and hyposulphite. It was treated 
lime distilled and converted into sulphate in the usual way- 
Tar from Blast-furnaces.— Tke \ftw\x,CTA,'L\wi 
of the farmed whero distillation taVea •■^ " ""Awj,' 
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obtained is poor in the aromatic hydrocarbons. The specific 

gravity is about '954. 

The following results of fractional distillation, given by Mr. 
Watson Smith, ^ will indicate the nature of the products obtain- 
able: — 



Temperature. 


Volume of 
DUtillates, C.C. 


Weight of 
Distillates 
in Grams. 


Specific 
Gravity. 


%by 
Volume of 
Distillates. 


Below 230° C, 

230° to 300° C, 
300° till oilR soUdify, 
Oilssolidifyingoncool- ) 
ing a soft paraffin > 
scale, J 

WVlJWV| ••• 9 • • •••• 


Water, 8*29 

(Oil, -79 

'1-89 

3-53 

4-54 


|835 

183-5 
351 

440 
555 


1-007 
0-899 
0-971 
0-994 

0-987 


30-60 
2-91 
6-97 

13-02 

16-75 


Total, 19-04 

• • • • * t 

Loss,... 


2443-5 
142-5 


2586-0 



The coke was 21 per cent of the weight of the tar. 

"The oils were quite transparent, the lower boiling and 
lighter fractions possessing an amber-yellow colour, whilst the 
higher boiling and hea^^er ones had a colour approaching that 
of port wine." 

The heavier or creasote oils contain a considerable quantity 
of phenols, but the aromatic hydrocarbons are absent or pre- 
sent only in very small quantities. 

Distillation for Production of Ammonia. — Ordinarily 
the distribution of the nitrogen, when coal is subject to de- 
structive distillation, seems to be something like — 



Kitrogen evolved as ammonia, 
„ cyanogen, 

in the gas, 
in the coke, 



»i 



»f 



» 



Per Cent 
of Coal. 

-251 

•027 

-610 

•842 



Per Cent of 
Nitrogen. 

14-51 

1-56 

35-26 

48-67 



^ ./. S. C. L, 1883, p. 4ft6. 
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Though the proportions may vary considerably with different 
coals and with the method of distilling. 

It is possible to obtain a very much larger yield of ammonia 
under some conditions. 

If a large excess of steam be used a much larger amount of 
nitrogen, amounting to nearly half the nitrogen in the fuel, 
may Ih) obtained as ammonia. M. Mond obtained as much as 
90 lbs. of ammonium sulphate per ton of coal consumed. The 
gas, however, was poor, containing about 15 per cent of carbonic 
acid (see p. 182, analysis No. 25). 

In the Young and Beilby apparatus vertical retorts or pro- 
ducers are used, grouped together with passages for circulating 
the hot gases round the retort. The coal is fed into the top 
and distilled by the heat of the ascending gases. The coke is 
])urnt in the lower part by air mixed with a large excess of 
steam, so as to produce ammonia. By this apparatus as much 
as 90 to 125 lbs. of sulphate per ton of coal has been obtained. 



CHAPTER IX. 

FURNACES FOR METALLURGICAL PURPOSES. 

Classification of Furnaces. — It is very difficult to ar- 
range a satisfactory classification of furnaces, (1) on account of 
the large number of forms that are in use, and (2) because the 
terms in common use are used so loosely that any attempt to 
give them a precise meaning is almost sure to fail. 

It is most convenient at the outset to divide furnaces into 
gi'oups according to the nature of the fuel they are designed 
to use. 

1. Furnaces for solid fuel. 
2, Furnaces for liquid fuel. 
3. Furnaces for gBt^ 
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Furnaces for Solid Fuel. 

A. Furnaces in which the substance being heated is in con- 

tact with the fuel. 

1. The height is considerably greater than the dia- 

meter = Shaft furnaces, 
a No blast is used = Kilns. 
p Blast is used = Blast-furnaces. 

2. The height is not much greater than the dia- 

meter = Hearths. 

B. Furnaces in which the substance being heated is not in 

contact with the fuel, but is with the products of com- 
bustion = Reverberatory furnaces. 

1. The charge is not melted. Roasting furnaces. 

a The hearth is fixed. 
p The hearth rotates. 

2. The charge is melted. Melting furnaces. 

C. Furnaces in which the substance being heated is neither 

in contact with the fuel nor with the products of com- 
bustion. 

1. The chamber in which the substance to be heated 

is fixed and is part of the furnace = Muffle 
furnaces. 

2. The chamber in which the substance to be heated 

is placed is movable and independent of the 
furnace = Crucible furnaces. 

3. The substance is volatilized and escapes in the 

form of vapour = Retort furnaces. 

Kilns. — These furnaces are used for many operations, in 
which a very high temperature is not required, as, for instance, 
the calcination of iron ore, lime-burning, and other similar 
purposes. They are made in a great variety of forms, accord- 
ing to the purpose for which they are to be used and the con- 
^ £iMia under which they are to be worked. TVie^ ^^^ >o>&^va^ 
ijfModn'cal in external form, and the interiot \a ^\\Xi!et ^>3\\x\.- 
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drical or conical. The charge mixed with the a 
amount of fuel ia introduced at the top, and dranr 
solid condition at the bottom. Ueuiillf the charge 
the eolid floor of the kiln, and if the diameter is at t 
an inner cone or wedge is used so as to throw the det 
charge outwt 
allow of ib 
withdrawal, 
some cases th 




of pyritoua mitenals no fuel may be necessarj 
of kilns an ordinarj Scotch iron ore kiln and the G 
used for cilcining iron ores in the Middlesborough dist 
be taken These are sufficiently shown by the section 
mga figa 56 and 57, and no further deecnption is new 
As an example of a more complex VaUv t\ub Hn<h 
taajr be taken " It conaiata ot & wicoias teaw 
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be divided into any number of compartments, Hj, H.^ &c., 

twelve or sixteen being the usual number. These com- 
' putaente are, however, in direct com- 

nuaieation with each other, except at 

one point where an iron pkte pp 

pbeed across the tunnel interrupts the 

continuity. This plate may be in. 

«rl«d through the roof of the tunnel 

doffn grooves provided for its recep- 
tion in the walls. Each space between 

two sets of grooves is provided with 

an internal flue re,, jij, &c., which by 

the removal of a damper can be 

placed in communication with a central 

chinmey, and each space has also a door fic. it— oim rud. 

B s in the outer wall. Only two of these ".ome ^r.piiun. b.q,l.ict.i 

doon are open at a time. The whole of 

the tunnel is kept full of the material" to be burned and the 

fuel, "except one compartment which is alwavs empty The 

position of the empty compartment \arie8 from daj to day, 

I*t the plate occupy the position ji^ shown in fig 58 The 





****e8t material has been charged in behind it into the com- 
16.. Air enters in front of it t\iTOU^t tte o^eu door 
C/' compartment No, I, and ftaoxi^ "Cae^wre^iilisa 
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open, of the next compartment, which contains finished material 
that hiis been longer in the furnace than the rest, and has but 
little he«it to give up to the incoming current of air. This 
current is drawn by natural draught round the entire tunnel, 
and can only enter the chimney through one or more of the 
flues that have been opened behind the plate. After an inter- 
val of twenty -four hours from the last charging the compart- 
ment No. 1 has been filled, and the position of the iron partition 
is shifted to the next groove to the right, and the compartment 
No. 2 in front of the plate is emptied. Thus- new material is 
contimuilly kept behind the plate and finished material in front 
of it. Air entering comes in contact with material which §^-,-n 
gradually incrciises in temperature, for it will be obvious that 
the position of the hottest part of the furnace must be continu- 
ally travelling round the circle, and that in a number of days, 
corresponding with the number of compartments, the zone of 
combustion will have travelled completely round the circuit. 
The air and the material to be treated enter and leave the 
furnace in a cold condition, so that there can be no waste of 
heat provided that the adjustment of the dampers in the flues 
through which the gases pass to the chinmey is carefully effected. 
In order to remedy local irregularities of combustion air may^ 
if necessary, be admitted through suitable orifices in the roof.' 

The volume of each compartment may vary from 282 i>^ 
1765 cubic feet, and the height of the tunnel should not exce^^^ 
9 feet. 

Owing to the small quantity of fuel used and the lar^^? 
amount of air admitted the atmosphere in a kiln is always oxic^^^' 
izing, so that the action is often roasting as well as calcining. 

The Blast-furnace. — The blast-furnace, though in gener^^ 
resembling a circular kiln, differs from it in important point^^' 
The air is forced in under pressure, a much larger quantity ^^ 
of fuel is used, and the temperature is so high that the char|^^^^ 
is melted, and has to be tapped out in the liquid condition. 

The size and form of blast-furnaces varies enormously, froi 
the large iron-smelting furnaces of Cleveland to the snufc^^ 

2 Aoberts-Austen, Introduction to the &tud-\) ^ MttaUurgy. 
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kcee, six feet or so in height, used for lead smelting. To 
uate the general character of the fitmace and the mode of 
in two types will be briefly considered; the blast-furnace 
ised for iron smelting, and the smaller water-jacket furnaces 
d for lead smelting in 
lorado. 

Iron-smelting blast-fur- 
c«e vary in height from 
) to 100 feet, and the 
Aer dimensions vary 
milarly. An ordinary 
last-furnace consiste of 
aree parte : an upper coni- 
al part or shaft, a middle 
*art in the form of an in- 
serted cone called the 
oosli, and a bottom cylin- 
drical portion or hearth. 
These portions may be 
Bopftrated by distinct lines 
of demarcation, or they 
'Day curve gradually one 
into the other. Small 
^last-furnaces may be of ^ 
the same diameter all the 
^ay down, or they may taper gradually from top to bottom. 
"le ratio of height to greatest diameter may vary very much, 
out in modem furnaces is usually about 3-5 or 4 : 1, varying 
down to about 3 : 1 and up to 6 ; 1 in very exceptional caaea. 

The charge is introduced at the top, which is now almost 
*lways provided with some form of charging apparatus by which 
*he gases can be drawn off, since these are combustible and are 
therefore of value. Air is blown in by a series of tuyeres just 
**' the top of the hearth, leaving space below for the accumula- 
tion of the molten slag and metal which are tapped out 
Periodically from tap-boJea in the hearth, one at ».\i\^Kt Vct^' 
■^ the slag and another at a lower le\e\ lot ftic -mftXaX. T 
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air is supplied from the blowing engines or fans by a blast- 
main which passes round the furnace. 

The chemical action which takes place in the blast-furnace 
is in the main simple. The air coming in contact with the 
fuel at a high temperature, its oxygen is at once converted 
into carbon monoxide, and if by chance any carbon dioxide 
should be formed it would be instantly reduced, so tbat the 
gas as it ascends will consist essentially of a mixture of carbon 
monoxide and nitrogen, having exactly the composition of 
simple producer -gas. In addition there will be a small 
quantity of hydrogen from the moisture contained in the air. 
These gases will be powerfully reducing, and therefore tb« 
atmosphere in a blast-furnace Mali* be always reducing, ai>^ 
the oxide of iron or other metal charged into the fiirna^o* 
will be reduced by the carbon monoxide, thus adding carbc^'^ 
dioxide to the gases; and as this reaction takes place at ave^'J 
low temperature, the reduction vdll be largely if not completely - 
eflfected near the top of the furnace. Sulphides are not act^^ 
on by carbon monoxide or carbon, so that in the absence 
special reducing fluxes sulphide ores are melted but not r 
duced in the blast-fumace. 

The satisfactory working of a blast-furnace depends on sever^^ 
conditions, among which the regular ascent of the gases, th ^ 
regular descent of the charge, and the proper cooling of th - 
gases are of the utmost importance. The first two depenc^ 
very much on the form of the furnace; and it is only by lon^ 
experience that the forms now in use have been evolved. \r0 
the ])e8t modern furnaces, if the greatest diameter be taken as - 
1, the height will be 3 5, the width at the stock-line, i.e. at th^ 
top of the charge when the furnace is full, '75, and the hearth! 
about '4 ; so that for an 80-foot furnace the dimensions woul(i 
be — Height = 80 feet, diameter at bosh 23 feet, diameter af 
stock-line 17 feet, diameter of hearth 9 feet or thereabouts. J 
and the angle of the bosh should be about 75°. 

The proper cooling of the gases necessitates a sufiicientlj^ 

high column ol material in tiie i\vrtva.Gft \^ a\i«»ov\i \X\fc ^^wsibte 

heat of the gases as they rise. TYi^ \iea.T\>Q. ^.tiCl \>^'^«e. ^V >C^« 
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furnace are subjected to very great heat, and therefore must 
be built of very refractory materials; and in order to prevent 
them being rapidly cut away, water-blocks, i.e. iron blocks 
through which water can be made to circulate, are very fre- 
quently built into the masonry of the bosh. 

The blast-furnace is a very economical machine, in spite of the 
fact that the carbon is only burnt to carbon monoxide, and there- 
fore only evolves about J the heat which it is capable of giving 
on complete combustion ; but as the gases given off are combus- 
tible the remainder of the heat can be obtained by burning them. 
Either charcoal, coke, or coal may be used in the blast- 
furnace under certain conditions, and the size and method of 
'W'orking to a very large extent depends on the nature of the fuel. 
Tte furnace must not be so high that the weight of the superin- 
ciimbent charge will crush the fuel, or the blast will be impeded, 
and the working of the furnace therefore interfered with. 

For charcoal about 30 or 40 feet seems to be the greatest 
satisfactory height, for coke the furnace may probably be any 
lieight that other conditions allow, if the coke be of first-class 
quality, but if it be of inferior quality the advantageous height 
^U be much limited. In the case of certain American cokes 
^he height of charge which would crush the coke was found to 
'^ary from 70 feet as a minimum to 128 as a maximum. The 
*^jghest furnace in use using Durham coke in the Cleveland 
district is 101 feet, and this is found to be rather too high for 
satisfactory working. 

Only certain qualities of coal are suitable for blast-furnace 
^se. A strongly coking coal which softens and fuses is not 
satisfactory, as it impedes the blast; it is only the less strongly 
^olang varieties, therefore, that are available, either the anthra- 
citic or splint varieties. In America anthracite has been used, 
"Ut its great density and lack of porosity renders it somewhat 
^n suited for blast-furnace work. The splint coals used in 
Scotland are quite suitable, but they yield comparatively 
Httle coke, and as this coke is soft and friable high furnaces 
^^DDot he used, so that about 60 feet is io\W[vd ^o \i^ \Jckft 
^^^ximum height that is advantageous. 
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In the selection of a fuel for blimt^fumace use it must b« 
remembered that it is only the fixed carbon that is of any use 
for producing heat in the furnace, all volatile matter being 
expelled before the fuel reaches the zone of combustion, so 
thut in estimating the fuel value of a coal for this purpose no 
notice must be taken of the portion which is volatile. As ttu 
splint coals of Scotland only yield about 50% of coke, their 
value is little more than half that of a coke. 

In selecting a coke for furnace use att«ntion must bo pud 
to its actual heating power and to its physical conditioi^ 
especially its crushing strength, and in selecting a coal atten- 
tion must l>o paid to its coking properties, and to the amount 
and nature of the coke which it produces. 

The following table of the properties of some American 
cokes will illustrate the variations which may take place:' — 
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A very important property of coke on which much of i^ 
value for blast-furnace use depends is its powA* of reeistiv! 
the action of carbon dioxide. By the changes which take pl^-" 
at the top of the furnace — reduction of oxide of iron and deeo* 
position of limestone — carbon dioxide is added to the gas*" 
Under suitable conditions this attacks carbon and formB t^^ 
bon monoxide, CO^ + = 2 CO, thus consuming more co^ 
without doing any good. The temperature at which fcl^ 
'Fallen, Trartdaelion* ^m^rieoii liuUb -^A. -A- 
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action takes place varies with diflferent forms of (.oke, and 
obviously the less readily it takes place the more efficient, 
other things being equal, will the coke be. 

Sir I. Lowthian Bell, in some experiments on cokes made in 
the beehive and in the Simon-Carves oven, found that though 
the two cokes differed very slightly in calorific power, the 
ratio being : 100 : 98*5, the amount required in the blast- 
furnace to do equal work was in the ratio 100 : 91; and on 
examining the gases from the furnaces he found that those 
from the former contained a considerably larger quantity of 
carbon dioxide than those from the latter. From examina- 
tion in the laboratory it was found that the one form of coke 
was more readily attacked by carbon dioxide than the other. 

Another important property is the cell structure of the 
coke. The calorific energy of a blast-furnace depends on the 
amount of surface which is exposed to the oxygen of the air, 
in the region of the tuyeres, and this depends on the amount 
of cell space; for this reason, charcoal, which is much more 
cellular, is more efficient fuel than coke. 

The following table, by Sir I. Lowthian BelV will give an 
idea of the actual efficiency of an iron-smelting blast-furnace, 
rhe figures are for each 20 pounds of iron produced : — 



Evaporation of water in coke, 

Reduction of oxide of iron, 
Carbon impregnation, ... 
Expulsion of C Oa from limestone, 
Decomposition of C O2 from limestone. 
Decomposition of water in blast, 
Reduction of phosphoric acid, sulphuric 
and silica. 

Fusion of pig-iron, 

Fusion of slag, ... 

Heat usefully employed, 



Carried oflf in gases. 
Otherwise lost, ... 

Total, 



Centigrade units. 


B.T.U 


313 


563 


... 33180 


59724 


... 2400 


4320 


... 4070 


7326 


... 4244 


7438 


... 1700 


3060 



acid, 



3500 

6600 
15386 

70311 

7900 
8789 



6300 

11880 
27095 

726560 

14220 
15820 



87000 156600 



^ving an efficiency of about 80% of the heat evolved by the 

^Prineiplea of the Manufacture of Iron and Steel, 1^. 95. 
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fuel consumed, only about 9% being carried off aa sensible 
boat in the gaacs. 
The amount of fuel actually consumed in smelting iron ores 
is about 18 to 21 
cwts. of coke, or 30 
to 36 cwts. of coal 
per ton of iron pro- 
duced. 

The smelting of 
ores of lead and 
copper in the blast- 
furnace was for a 
long time unsuccess- 
ful, as the metallic 
oxides very rapidly 
corroded the brick- 
work. This diffi- 
culty has now been 
overcome by the in- 
troduction of the 
water-jacket. This 
is a casing of either 
wrought or cast iron, 
through which water 
is made to circulate. 
This has the effect 
of cooling the charge, 
so that the interior 
becomes covered 
with a layer of slag 
which is being con- 
stantly formed and melted away. The circulation of the water 
carries away some heat, and this reduces the actual efficiency 
of the furnace, but it has rendered the furnace available for 
purposes for which it could not be used before. 
Moat of the water-jacketed tuvtis-cea \«ed lot Iwid 6m«lting 
in America are rectangular in lorm uw^k»A ol (m-kv^m . 
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The Hot Blast. — The hot blast was intuited h\ Neilsoii 
in. lK"i8, and \i;r> nipidlj uime into general use, as it led U) 
very great ecouomy m the use of fuel The amount of heat 
developed in the funmce 13 far less Tnth the hot blast than 
with the cold The sa\ ing is due to the fjit.t that nmth less 
air is passed through the furnace, and therefore there is less 
hent carried away by thi. uiste gi'*e', and dlso that the air 




being hot, there is less expansion to take place opposite the 
tuyeres, and as expansion absorbs heat there is thiis less cool- 
ing. Ab the hot blast is only of practical importance in the smelt- 
ing of iron, it will be fully described in the volume on iron. 

Hearths, — The hearth resembles the blast-furnace in the 
fact that the fuel and the substiince to be heated are in con- 
tact, but it differs in almost every other respect. 

It is usually a abnUow ciamber or Ye8BeHtvw\AcV\)ae iJmix^ 
placed. The air la supplied by means d to-jetes,, s«\i Sn 
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either directed downwards on to the surface of the charge or 
horizontally just below the charge. 

The combustion is usually more complete than in the blast- 
furnace, the carbon being to a large extent burnt to carbon 
dioxide, but the escaping gases usually contain considerable 
(|uantities of unconsumed combustible gases. Owing to the 
way in which the air is supplied, the atmosphere is not so 
powerfully reducing as that of the blast-furnace, or it may be 
actually oxidizing. The hearth, therefore, can be used for 
various operations: direct reduction, as in the Catalan forge; 
oxidation, as in the Yorkshire finery; or combined oxidation 
and reduction, as in the Scotch ore-hearth. The amount of 
fuel consumed is not large, and on the whole the hearth is a 
fairly economical furnace for those operations for which it is 
Kuit(3d. It has the advantage also of being cheap and easy to 
erect, and it is therefore largely used in new districts or where 
lal)()ur and material are expensive. 

The Reverberatory Furnace, — This furnace is entirely 
difVcrent in principle from those already described, the fuel not 
])oing in contiict with the material that is heated. The fuel is 
l)urne(l on a separate grate, whilst the material to be heated is 
in a separate clianil)or, the hearth, into which the products of 
conil)Usti()n pass. Between the grate and the hearth is a ridge 
of Inickwork, the fire-bridge, and between the hearth and 
the chimney there is often another ridge, the flue-bridge, over 
which the products of combustion pass. 

The whole furnace is covered with an arched roof, which is 
usually highest over the fireplace and slopes down towards the 
flue, so that the flame may be reverberated or reflected down- 
wards on to the hearth, whence the name reverberatory furnace. 
The roof is usually a very flat arch springing from the side 
walls of the furnace. As the weight of this arch exerts a 
considerable outward thrust, the walls of the furnace must be 
securely tied. Usually the side walls are cased with iron plates, 
and strong vertical rods are fixed into the ground at each side 
and are tied by cramps into \Aift ma.aoTffy,a.w^«t^V^^\R>5^tlLer 
at the top by strong stays paasmg a«.Toaa ^i^ios^ >2aa \x«xiaRR. 
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roof. The vertical or buck stays may be of any form, but are 

preferably of T section, the projecting limb not extending 

quite to the top, and a hole being made at the top through 

i?vhich the head of the cross stay can pass. Where economy 

is an object old rails make excellent buck-stays. The cross 

stays are circular or square in section, and in the case of the 

first-named kind, they are held by a head at one end and a 

screnved nut at the other. When rails or similar buck-stays 

are used the cross stays are provided with eyes which pass 

over the top of the vertical stay and are wedged into position. 




Fig. 61.— Reverberatory Furnace for Calcining Copper Ores, h h, Hearth. 

F, Fireplace, b b, Hoppers. 

The cross ties must not be fixed rigidly, but must be capable 
of adjustment, for as the furnace gets hot the masonry of the 
arch will expand, and unless provision be made to allow for 
this the crown of the arch may be thrown up and broken. 

The hearth itself is usually carried on an arch of brickwork, 
so that there is a vault or chamber under the furnace to which 
access can be obtained when necessary. The furnace will 
usually be provided with a series of working doors, one, two, 
or three at each side, and sometimes one at the end, in which 
case the flue is taken off at the side ; all the doors are fitted 
into cast-iron frames securely built into the masonry. The 
doors themselves are iron or fire-brick plates, which are lifted 
up and down as required, and are luted air-tight with clay when 
necessary. The charge may be introduced through the side 
dooiTB, or through a hole in the roof, which \a wawaSi^ Y^qn\^<^ 
wj'tib a hopper. 
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Reverberatory furnaces are in general used for two purposes, 
for roasting and fusion with or without reduction, and the 
form and size of the hearth will depend on the process for 
which it is to be used. 

For roasting furnaces the hearth is usually flat, made of fire- 
brick slabs carefully set in clay. The sills of the working doon 
are cither level with the hearth, so that the charge can be 
raked out on to the floor, or if they are higher, openings are 
provided under each, by which the charge can be raked into 
the arched chamber beneath the furnace. This is always 
advisable when the roasted charge is likely to give off" noxious 
fumes as it cools. In some cases iron receptacles for the charge 
are provided outside the furnace under the doors into which 
the charge can bo drawn, and the escaping gases pass into the 
furnace by the doors and thus to the chimney. 

The hearth may be rectangular or oval in form. It must 
not ])0 so long that it cartnot be uniformly heated — 16 feet 
may ])0 taken as being about the maximum length; and as ■ 
the charge will have to be turned by the workmen, it must 
not bo 80 wide that the rabbles have to be inconveniently 
long — about 10 feet is the maximum allowable width. It 
must ])o so shaped that every portion of it can be reached 
hy means of a ral>ble or rake from the working doors, and 
thorofoie sharp corners are usually filled up with masonry, 
and in the spaces between the doors wedges of masonry are 
l>uilt. It sometimes happens, in cases where only a very 
moderate temperature is required, that the part of the charge 
nearest the fire-bridge may become overheated, and to prevent 
this a false or curtain arch may be built from the fire-bridge 
to about one-third the length of the hearth. As a copious ' 
supply of air is needed for roasting, various air-openings are 
often left through the side wall, or through the bridge, which 
is then called a "split bridge". 

For roasting, furnaces with more than one hearth are often 
used. In this case two or more hearths are placed end to end, 
each being about three incViea \i\g)[iet XJiaaxv \Xi^ ot^^ Xi^^^d^^x^d 
each being provided with it» own vfOT\im& ^oot^. 'YV'^ ^oaat^ 
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let down on the hearth furthest from the fireplace, and is 
)ved forward and ultimately drawn from the hearth nearest 
e fire, so that there will always be, in a three-hearth furnace, 
iree charges being treated at once. Two-hearth furnaces are 
tten advantageous, three-hearth are sometimes useful, but 
imaces with more than three hearths are very rarely satis- 
wtory, and can only be used in cases where the material 
inder treatment contains enough sulphur to evolve a con- 
iderable amount of heat on oxidation. 

When the furnace is to be used for fusion, the arrangement 
8 somewhat difierent. The hearth is smaller, may or may 
lot be provided with working doors at the side or end, and 
nstead of being flat it is made curved, so that melted material 
nil all flow towards the lowest point — the well, where it will 
ollect till it is tapped out by means of the tap-hole, or, as in the 
ase of copper refining, ladled out into a metal pot or moulds. 
Che form of the hearth is usually roughly given by bricks built 
n steps, and on this is laid the working bottom of slag or 
lome other material not likely to be acted on by the charge. 
Ji many cases, where a very high temperature is required, the 
learth is carried on iron plates so arranged that air can circu- 
ate quite freely under it, or in others the hearth may be 
aerely an iron pan, lined. or not with refractory material. 

The fireplace is usually fed from the side. It should not be 
nore than about 6 feet deep from the door, or it will be impos- 
ible to distribute the fuel evenly by hand. The ratio of the 
ize of the fireplace to that of the hearth varies very much, 
•nd depends on the temperature which it is required to attain, 
nd also on the nature of the fuel. It is largest in the case of 
he puddling furnace, a furnace with a very small hearth, and 
11 which a very high temperature is required, and it is smallest 
a roasting furnaces, where it is often not more than one- 
wentieth, and between these there is every possible variation, 
le table on p. 214 gives the details of a few typical fur- 
aces. 

The height of the bridge above the TieartTa. ib ^owX* \ \.^^\i 

2 foot 9 inches, and all details may \ary Net^ xksxOcl^ 
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according to the purpoee for which the furnace is to be used, 
and the taste of the builder. 

The arrangement of the fireplace will vary with the nature 
of the fuel and the temperature which it is required to attain- 
The area of the fireplace includes both that of the fire-hars and 
the spaces between them. The width of the space between 
the bars is determined by the nature of the fuel, that of the 
bars is limited by the need for making them sufficiently larg* 
to be durable and to resist warping. The fire-bars will usually 
be J inch or more in thickness. They are made of cast-iron, 
and are cast with square lugs at each end, which fit together 
when the bars are in position, and thus regulate the distance 
between them, or they may consist of IJ to 1^ inch square 
bars of iron resting on bearers. The bars should be cast from 
gray pig-iron with the addition of scrap, and should not 
exceed 40 inches in length. The bars arc almost always placed 
horizontally, but they may be slightly inclined backwards. 
Forhrgecoal the space between ttve'\»TO«ia.-«>*-«-<^\*iVSmj3ii, 
but with smaller cf^^ ** * ^™* ^ '^ 
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he of anthracite coal, if the bars were placed close enough to 
event great loss by falling through, the draught would be 
iduly imp^ed, and to prevent this, in South Wales, where 
ich coals are used, a deep layer of clinker is allowed to 
^cumulate on the bars, which acts as a grate, and which also 
erves to heat the air as it rises, the clinker being from time 
time broken up and removed through the bars, so as to 
maintain the bed at a convenient thickness. 

The amount of fuel which can be burned on the hearth of a 
reverberatory furnace depends firstly on the nature of the 
coal, and secondly on the air supply. The more air, of course, 
the more rapid will be the combustion. 

The more caking the coal, the less of it can be burned on a 
given grate area. "Of very caking coals not more than 12 to 
14 lbs. per square foot per hour should be burnt; if less ctiking, 
from 14 to 16 lbs.; and if non-bituminous, from 16 to 20 lbs. 
may be used." Eankine gives the rate of combustion in 
various grates — 



1. Slowest rate of combustion in Cornish boilers, 

2. Ordinary rate in these boilers, 

3. Ordinary rate in factory boilers, 

4. Ordinary rate in marine boilers, 

5. Quickest rate of complete combustion, the supply of 

air coming through the grate only, 

6. Quickest rate of complete combustion of caking coal, 

with air-holes above the fuel to the extent of 



Lbs. per Sq. Ft 
per Hour. 




4 




10 


12 to 


16 


16 to 


24 



20 to 23 



one-thirtieth the area of the 


gi-ate. 


34 to 27 


7. Locomotives, 

• 


• • • 


40 to 120 


Jniner gives — 




Lbs. per Sq. Et. 
per Hour. 


1. Furnace for roasting sulphides, 


• • • 


3 to 8 


2. Fires for stationary boilers, ... 


• • • 


8 to 20 


8. Furnaces used in smelting lead, 


• • • 


12 to 16 


4. Furnaces for copper smelting. 


• • • 


15 to 30 


5. Puddling furnaces, 


• • • 


2.Qto Z(S 


^ Steel-melting fumsu:ea, 


• • • 


^\\o '^\ 


^jooomotive &rea, 


• • • 


^Wi^iWi. 
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The thickness of the layer of fuel is also important. Tin 
thinner the layer of fuel, the better will be the draught, anc 
the more coal can be burned; but if it be too thin, air may 
get through unconsumed, and thus the efficiency will be 
seriously reduced. "The limits of thickness over the grate 
are 1^ to 5 inches for bituminous coal, and 1^ to 8 inches for 
])rown coal. Peat, which is not pulverized by fire, may be 
piled as high as the space around it will allow." ^ 

One advantage of the reverberatory furnace is that the 
atmosphere can be regulated so as to fit it for various pur- 
poses. If a large excess of air be admitted above the fuel, 
combustion will be complete, and the atmosphere will be 
powerfully oxidizing ; if, on the other hand, the amount of air 
be restricted, the combustion will be less complete, carbon 
monoxide and other reducing gases will be present, and the 
atmosphere will be powerfully reducing. 

It will be seen that the heating in a reverberatory furnace 
is entirely produced by the flame of the fuel and the heat of 
the products of combustion. A flame could be obtained by 
burning coke on the hearth in sufficient thickness to ensure 
the production of a large quantity of carbon monoxide; but 
such a flame, being non-luminous, would have little radiative 
power, and therefore would be very inefficient. The coal used 
should be moderately caking, and should yield a considerable 
quantity of gas on distillation, so as to produce a large brigbt 
flame. 

The reverberatory furnace is not by any means an economical 
form of apparatus, the losses of heat being always very hig"^- 
Griiner states that the efficiency of a reverberatory furna-c^ 
melting pig-iron is only 8*5 per cent; but Major Cubillo h^ 
recently pointed out that this estimate is too low, the data nc 
having been accurate. Taking the puddling furnace as ^^ 
type of a reverberatory furnace, Major Cubillo obtains iO 
special case the following results, which he states in the io^ 
of a balance-sheet: 2 — 

I ScbmAckhdter and Browne, Fuel and Water, v- ^. 
'/'roe, S, Staff, InHUuU of Inn and Steel Wc-'-- ^\a5ier\^fiA.,^>.^. 
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General Balance of the Reverberatort Furnace. 



Heat Prodaoed. 


Heat Consumed. 




Calories. 


Perc. 




Calories. 


Perc 


Heat of fuel 


163967 85 


98-12 


Fusion of the iron, . . 


26214 


15-60 ' 


Heat of substances 






Fusion of the slags, . . 


2246-36 


1-34 i 


oxidized during the 






Vaporization of water 






process, 


31066 


1-88 


in the fuel 

Heat carried off by 


2133 


1-27 

1 








gases, 


128862 


7713 ; 








Heat lost in ashes, . . 


1990-2 


1-13. 








Loss by radiation, &c., 


5617-89 


3-35 1 
99-82 




167063-46 


100 00 


167063-45 



The efficiency being therefore 16*94 per cent. In most cases 
of reverberatory-furnace work the efficiency is far less than 
this, the loss by radiation being usually very much higher. 

Major Cubillo^ has worked out the thermal values of the 
changes on a gas-fired puddling furnace, with a view of 
ascertaining its efficiency. The details cannot be understood 
without a consideration of the chemistry of the process, as 
heat is obtained not only from the fuel but also by the 
reaction in the furnace, but a summary of the results may be 
of value. 

The heat received is thus summed up: — 





Calories. 


Per Cent. 


Heat brought in by producer-gas, 


197-829 


22-70 


Combustion of 135-73 C and 6*72 H,2 ... 


520-959 


59-80 


Heat introduced by air, 


86-691 


9-96 


Oxidation of silicon, 


26-074 


2-90 


„ manganese, 


1-966 


•22 


„ carbon, 


29-815 


3-45 


„ phosphorus, 


•201 


•02 


„ sulphur, 


•195 


•02 


„ iron, 


6-327 


•72 




870-057 


99-79 



J*/. I. and S. /., 1892, vol. i. p. ^5, et wq. 
^Per 100 kilogrammes of blooma. 
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Heat consumed: — 





Calories. 


Per Cent 


Latent heat of fusion, 


5-198 ) 


2-90 


Heat of bloomn, 






20-068 j 


Heat of fusion of cinder, 






23-052 


2-64 


Vaporization of water in ore, ... 






5-371 


•60 


Lost up stack, 






366-696 


42-14 


Vajwrization of water in gas, ... 






7-592 


•87 


Reduction of Fe^ Os to Fe 0, . . . 






14-083 


1-61 


Reduction of Mn^ Oj to Mn 0, 






3-344 


•38 


Heat of ash, 






9-604 


1-11 


Radiation, 






415-049 


4770 






. 


870-057 


99-95 



These figures of course refer only to the one charge with 
which the experiment was made in the arsenal at Trubia; 
but probably others would not be far diflferent. The efficiency 
as shown by the figures is only 2*9 per cent. It would be 
much larger probably with furnaces of larger size, the extreme 
shortness of the puddling furnace being very favourable to 
loss of heat in the gases. 

The reverberatory furnace may be modified in various ways 
for various purposes. The hearth may be made circular, and 
may be made to rotate horizontally, or the whole working 
space may be made cylindrical and may be made to rotate 
vertically. These devices are to ensure constant stirring of 
the charge, and do not in any way alter the principles on 
which the furnace is based. When wood is the fuel used the 
fireplace is frequently made with a solid bottom, as air can 
find its way quite readily enough into a mass of wood without 
the use of fire-bars. 

The draught is usually produced by means of a chimney, 
but artificial draught may be used. If the a^h-pit be closed 
air-tight a blast can be sent in beneath the bars, and another 
supply of air may be sent in above the fuel, in order to ensure 
complete combustion of the products of distillation. 

Another type of furnace, l\ie ^^.^t^ialdt furnace, which w 
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V ''sualjy ua^ fof t},g chloridizing roasting of silver ores, belongs 

■ to this group. The ores are sulphides, and therefore no ad- 

■ ditional fuel is required, and the roasting takes place whilst the 




****ft which 18 kept hot by fireplaces G near the bottom; the 
''**asted ore falls into a hopper and is withdrawn. The size of 
*Qese furnaces \ane3, they may be up to 35 or 40 feet high and 
^ fvet Bquare, and mil treat from 40 to 50 tons oi ote ^t cUy. 
**B)e of the moat recent Stetefeldt iumawa M6 SaeA,mfi^i ^^. 
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Cruf»ble Furnaces.— These furnacMsn 
of many kinds The uflual crucible furnace, 
such ,18 IB iiaecl fur assaying purposes, for ' 
the manufacture of 
ctangular or elliptic! 
chamber, provided it 
the bottom with fire- 
bars and at the to? 
with a cover, whUet 
a flue in one side 
near the top serv«« 
K to carry off the pi"i> 
ductB of combuBticni- 
Thecruciblo ia placed 
in a furnace re«tir)g 
either on the fuel «'' 
on a brick placed <"* 
the fire-bars. Tlie 
fuel used is coke or anthracite — generally the former. Tlifi 
combustion is imper- 
fect, carbon mon- 
oxide only bei nS 
formed, and owi*^g 
to the small quar*-**' 
tieeof material wh£*3** 
can be treated ■»* 
once such furnace ^"^ 
are very wasteful ** 
fuel Crucible fi»^ 
naces may be work^'*' 
either with or wit^i*" 
out blast. With ^ 
blast a very hi^*" 
temperature can ty^ 
attained. A ver,^ 




flw-brick linim d. 



crucible furnace with a blaat ia NlesBis. ■VVotgaia K.-Ks«i,».'« 
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HoUir Furnace (Fletcher's patent). In this the fuel reste on a 
s<:>lid dished bottom, into which the air ia supplied, the crucible 
t>o be heated being placed on a stand in the centre of the 
furnace. This furnace gives a very high temperature, and 
^cts very quickly, thus leading to considerable saving in fuel. 
One objection to the use of crucibles ia that in order to pour 
their contents they must be lifted into the air. This not only 
coaia them, thus causing loss of beat, but also often causes the 




"nicible to crack. This difficulty is overcome in the Piat 
Oscillating Furnace. The fumaco is a circular iron shell, cased 
*ith fire-brick; it is provided with a grate, and stands over an 
Mr-chamber from which air ia supplied under pressure. The 
crucible rests on a block, and is provided with a spout which 
passes through the casing. When the charge is to be poured 
'he blast is turned off, the chimney disconnected, and the whole 
htrnace swung by means of a crane, and the molten metal 
poured out of the spout in to the moulds. With this furnace, 
'^wing to there being no cooling, the melting is very quick and 
the quantity of fuel used ia small. 

Crucibles may also be heated on the hearth of a reverberatory 
lUn^ce. 




Muffle Furnaces. — In this type of furnace a sepirate largs 
vessel is heated hy means of a fire. The fire is usually placed 
^ underneath, or at oae 

end of the muffle, 
and the product* of 
combustion are made 
to circidate bolh 
above and helow 
Siith furnacBB sr« 
only used when either 
the substance hemg 
heated would ba m 
jured by contact mti 
the gases, or where 
products are evnlved 
whitb it IS required 
to keep free from 
mixture with the p* 
ducts of combustion. 
Furnaces of this typ« 
are usually ctillw 
close roasters TheT 
are essentially reur 
beratory furnai-si 
but the charge " 
heated not by con- 
tact with or raiii*- 
ti.-n from the flame, 
but b} radiation from 
the hot walls of tl"' 
muffle 
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Retort Furnaces. — Hie only peculiarity ol these furnace* 
that all OF part of the charge ia Tolatilized and has to be 
mdensed- They may be either of the type of muffle or 
iicible furnaces. ^Vhere there ia a liquid residue vhich has to 
e poured out, fomaces of the cnicible-fnniace type are often 
aed, and the body of the retort is lifted out after each charge, 
r to avoid this tilting furnaces are sometimes used. 
Furnaces for Gaseous Fuel. — Many forms of furnace 
or the use of gaseous fuel have been suggested, the simplest 




of which are but slight modifications of a reTerberatory furnace. 
Id fact if the fireplace of a reverberatory furnace be made 
very deep, and be worked with a thick layer of fuel, it be- 
iomeg a gas producer, as is seen in the Mond gaa-fire. 

Boetius Furnace. — This furnace, patented in 1865, is 
^tended to be used for all purposes for which a high tempera- 
ire is required. It is an ordinary reverberatoTy furnace to 
hich a gas producer is attached, but the side walls and roof 
■e previded with passages through which the air can circulate 
' a^ to become heated before passing to the furnace, where 
Otiixes with the combustible gases just as they enter. This 
*'tiace is said to be economical, and a high temperature can 
' obtained. 

The Becberoox Furnace. — ^Thia is a modification of the 
'e(/iw furnace, in which the proportion ol ftie "ga.T\& Ss ^cffiav 
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cut, iiiul a, mixing chanitier is provided for the air and i^ 1 
tjcfoit" entering the furnace pioper, 

KnrriatieH fired in this way hjivo not proved a great gO-^'^ 1 
owing to the low calorific power of the gae. Attempts i*^* 1 
also been made with mure or leas suuceee to work kiltr*^ ^ 




I 



meiiiiH of giiB, the gus and air lieing admitted liy two series '3' 
openings, one above the other. 

Gas furnaces did not become a practical eucceas till Siem^"^ 
inti-oduced his regenerative furnace. The principle of ^ . 
regenerative furnace is very simple. Elach furnace is provide 
with four chambers or regenerators, placed in any coiiveni^^ 
position, and filled with a chequer-work of fire-brick, "^ a 
air and gas are supplied tit one cwA ol -Cqc l\VL"a'ite,\i\x-n\^ «**tj 
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the products of combustion pass away at the other end to the 
chimney through one pair of regenerators. When these re- 
generators are hot the direction of the current is reversed, 
the air and gas are sent through the hot regenerators, and 
thus reach the furnace at a high temperature, whilst the pro- 
ducts of combustion pass away through the other regenerators. 
The direction is reversed every hour or so, so that the re- 
genenitors are kept very hot, and whilst two are always being 
heated the other two are heating the air and gas. 

Such a furnace consists of three essential parts — (1) the gas 
producer, (2) the furnace proper, (3) the regenerators with the 
necessary valves. 

The gas producers have already been described. The furnace 
is simply a reverberatory furnace, but in place of a fireplace 
it is provided at each end with gas and air ports, which may 
open directly into the furnace or into a mixing chamber. 
The roof must be built of very refractory bricks, silica bricks 
being commonly used, whilst the hearth will either be of sand, 
dolomite, or other material according to the purpose for which 
the furnace is to be used. The whole furnace is preferably 
cased with iron and must be securely stayed. The gas and 
air are supplied from ports — rectangular openings at each 
end, the number varying, but always being odd — placed so as 
to break joint. The gas ports are below and the air ports 
above, so that the heavy air tending to descend and the 
lighter gas tending to ascend the mixture shall be complete. 
The roof in the furnaces designed by Siemens was depressed 
towards the middle of the furnace, so as to deflect the flame 
down on to the charge on the hearth. 

The regenerators were placed underneath the furnace by 
Siemens, and have generally been built in the same position 
since. The four chambers may be all of one size, but usually 
the air regenerator is from 20 per cent to 40 per cent 
larger than the gas regenerator. The regenerators are filler 
up with refractory brickwork, set chequerwise, so as to allow 
free passages for the gas, and at the same time to ensure 
sufficient contact for thorough heating or cooling as the case 
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nay be. Siemens states that: "The products of the complete 
combustion of 1 lb. of coal have a capacity for heat equal to 
that of nearly 17 lbs. of fire-brick and (in reversing every 
hour) 17 lbs. of regenerator brickwork at each end of the 
furnace per lb. of coal burned in the gas producer per hour 
would be theoretically sufficient to absorb the waste heat, if 
the whole mass of the regenerator were uniformly heated at 
each reversal to the full temperature of the flame, and then 
completely cooled by the gases coming in. But in practice by 
far the larger part of the depth of the regenerator chequer- 
vork is required to effect the gradual cooling of the products 
of combustion, and only a small portion near the top, perhaps 
a fourth of the whole mass, is heated uniformly to the full 
temperature of the flame, the heat of the lower portion de- 
creasing gradually downwards nearly to the bottom. Three 
or four times as much brickwork is thus required in the 
regenerators as is equal in capacity for heat to the products 
of combustion. The best size and arrangement of the bricks 
is determined by the consideration of the extent of opening 
required between them to give a free passage to the air and 
gas, and" "a surface of six square feet is necessary in the re- 
generator to take up the heat of the products of combustion 
of 1 lb. of coal in an hour. 

"By placing the regenerators vertically and heating them 
from the top, the heating and cooling actions are made much 
more uniform throughout than when the draught is in any 
other direction, as the hot descending current on the one hand 
passes down most freely through the coolest part of the mass, 
wliilfit the ascending current of air or gas to be heated rises 
chiefly through the part which happens to be hottest, and 
cools it to an equality with the rest, 

"The regenerators should always be at a lower level than 
the heating chamber, as the gas and air are then forced into 
the furnace by the draught of the heated regenerator, and it 
Baay be worked to its full power either with an outward 
pressure in the heating chamber so that the flame blows out 
on opening the doors, or with a pressure in tbQ daaiTcfcet ^\* 






iMilnncixl, the flame eometime!) blowing out a Jittle and some- 
lim(« ilrawitig in,"' 

ItolierU-Atiiitvii givea 1-1 to 15 wiuare feet of regenOTta 
luick BUiface as being neceagary for each 2 pounds of 
burnt botwouti two rovoi-sala.- 

Thc arningcmunt of the vnlvea is a matter ol very gwl 
imjiortauce. The usual nmuigement ia ahown (liagramnuitiisQT 




FnmuD, w[th VahTa; 



in fig. 72. The butterfly valve is the commonest form, W 
many other forma have been suggested for the purpoBC, and 
have been described in the technical journals. 

The regenerative furnace hiis many advantages. Thoogli 
the temperature in the furnace itaelf is very high the gaM> 



escape at a low temperature (212° F. to 300° F.), and therefore 
the heat which they cany away is Bmall and the efficiency of 
the furnace is high. The flame can be kept perfectly, steady 
for any length of time, and it can be made oxidizing, reducing, 
or neutral as required. Furnaces of this kind are now built of 
large size up to 40 feet long and 15 feet wide. 
Very many modifications on the original form have been 



In 1884 Mr. Frederick Siemens pointed out that the de- 
preaeed roof and small combustion space in the ordinary type 



of funiace was disadvantageous, and that it would be better 
t« make the roof a flat arch, or even to raise it in the centre 
inatead of depressing it. He contended that in order to obtain 
»high temperature the gases should be allowed free space for 
combination, as contact with solid substances promoted disso- 
ciation, and if the surfaces were cold hindered combustion. 
He also pointed out that furnaces constructed on this plan, 
"1 which the heating was entirely by radiation instead of by 
mntact, were much more durable. This form of arch has now 
Iwcome very general. Mr. Siemens also altered the arrange- 
ment of the ports, placing the air port vertically above the gas 
port and making it overlap on both sides. This arrangement 
is often called the " Hackney " port, the heavier air tending to 
deflect the flame down into the hearth. 

In another type of furnace, usually called the Batho furnace, 
tiie regenerators are placed outside the ianvac^ bav^ <^^ '0\^« 
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same level, this arrangement having several advanti^es, among 
others the greater ease of access to the regenerators. In the 
Kadvliffo furnace the regenerators are placed on the top of the 
furnace, an obviously improper position 

A now form of Siemens furnace was descnbed by Mr J 
Head and Mr. P Pouf in 1669, which differs very much in 
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arrangements from the ordinary type. The gas producer is 
attached to and forms part of the fumaco, and there are only 
two regenerators— those for air. 

Gas from the producer B passes through the flue <f and valve 
a' to the gas port, and thence into the combustion chamber k'g'. 
Air for combustion passes through the regenerator a', by an 
air fine, the air port h', into the combustion chamber, where 
it meets the gas and combustion takes place. The flame sweeps 
round the chamber E, the ^toiMiAa (A WKC^uation pass sw&^ 



J h g, and go partly through the regenerator A and partly 
iito the gaa producer b, to bo converted into combustible gas. 
Trom time to time the direction is reversed as usual. 

The products of combustion contain about^carbon dioxide 
^7 per cent, oxygen 9 pur cent, nif.i'ogen 81 per tent, and small 




I qnantities of water vapoiu'. As they pass into the gas pro- 
T they are at a very high temperature, and the carbon 
ide IB at once converted into carbon monoxide. A jet of 
■f^afn ia blown into the producer to enrich, t\iB g^a. 



I 
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The new form of furnace in eaid to lead to considerable u> 
of coal and also in labour and repairs, and is said to "r^nei 
both the heat and the products of combustion". It has i 




Deen used for reheating and has not yet been applied to : 
making. 

The Ideal Furnace. — Another type of furnace ree 
designed by Mr. Thwaite is known as the ideal fur 
In this two regenerators only are used — those for air. ' 
are placed at the lop of the fuTuaca a-nd. 3.tft \i.«s.t»i V 
Upward passage of the producla ol (iombws,\.\o\\. T\ia 



direct from the prtxlii 
that thie fiirniice is mi 



er Forms of Regenerative Furnace.— Hegeneratora 
IT forms than chambers filled with a chequer-work of 
are sometimes used. — In the Ponsard furnace the hot 
\re made to circulate round perforated bricks, ihi-ough 
annela in which the gas or air to be heated is mjide to j 
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sr to tho furnace. Mr. Thwaite 
t economiftil. 




aid in Gorman's heat-restoring furnace the products of 
Ifltion are made to circulate roimd fire-clay tubes through 
the cold air passes, it being made to tniverse the tubes 
in different directions. This furnace has been used with 
B in several iron-worka for reheating. 

Bon of the Furnace. — The action of the regenerators, 
Bperators as they are better called, is very simple, Tho 
Hlture in the furnace is very high, and the products of 
Btion would escnpeat a high tcmperat«.TO ai\i ^.\wa wvys^ 
■iu-^ amount of heat The regeuoratura \iileTttt\i\. 'Ok« 
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heat, and the gases escape comparatively cool, the heat being 
retained by the brickwork and given up to the incoming gases 
at the next reversal. 

Position of the Regenerators. — This is a point about 
which, as already mentioned, there is great difference of 
opinion. They are usually placed beneath the furnace. This 
position, however, is not always convenient, and it is subject 
to flooding and to moisture from the ground. They are also 
difficult of access, and air and gas may mix through the brick- 
work and thus cause serious loss. On the other hand, if the 
regenerators are isolated and cased with iron, the loss from 
radiation may be greater. 

The gases may be sent to the regenerator hot as they leave 
the producer, or they may be cooled. There is a general 
feeling that no advantage is to be gained by the former 
method of work, and it is attended with certain disadvantages. 
The gases as they leave the producer are charged with tarry 
matters which are partly deposited in the flues, and also with 
gaseous hydrocarbons from the coal. When the tarry matters 
and gaseous hydrocarbons are swept into the regenerators they 
are partially decomposed with deposition of carbon, so that the 
heating power of the gas is diminished, and the chequer work 
becomes choked with carbon. 

Hence in many cases the gas regenerator has been abandoned, 
the gas being passed hot into the furnace. 

Thermal Efficiency of Regenerative Furnaces.— 

M. Krause in 1874 published an investigation into the efficiency 
of a regenerative furnace, the results of which, converted into 
British units, are given below. 

The composition of the coal, deducting ash, as deduced from 
the composition of the gas, was — 

Carbon, ... ... ... ... ... ... ... 84*38 

Hydrogen, ... ... ... ... ... ... ... 6*17 

Oxygen, ... ... .... ... ... ... ... 6*90 

Nitrogen, ... ... ... ... ... ... ... 2*55 

The quantity of gas produced itomlQQ'V^^^. o\ ^c^^^vvs^ 
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Carbon monoxide^ 


» • • • • 


• • 4 


• • • 


165-87 


Carbon dioxide, 


1 • • • * 


• 
• • ■ 


• • • 


42-39 


Hydrocarbons, 


• • • • ■ 


• • a 


• • • 


8-02 


Hydrogen, 


• • ' •* • • 


^•« 


• • • 


374 


Nitrogen, 


1 • # • • 


#• • 


• • • 


39215 



6021 7 lbs. 
ikt 3*97 lbs. of tar, soot, and water was deposited. 
Co find the capacity of heat of these products it is only 
jessary to multiply the weights by their specific heats. 

Carbon monoxide, 155*87 x '2479= 38'66 

Carbon dioxide, ... 
Hydrocarbons, ... 
Hydrogen, 
Nitrogen, 

602-17 X •2673 = 161-00 

The formation of the gas in the producer evolved 

66*803 lbs. C to carbon monoxide, 
11*560 „ C to carbon dioxide, 



42-39X -2164= 9*17 

8*02 X -5929= 4*75 

3*74x3-4046= 12*73 

392*15 X -2440= 95*69 



= 300603 B.T.U. 
168082 „ 



}> 



468685 

The total heat of combustion of the coal for 100 lbs. would be 



84*38 lbs. G to carbon dioxide, 
5*2 „ H to water, ... 



1226885 B.T.U. 
319924 



»} 



1546809 



^^^g ./»o/>o^ X 100 = 33 per cent of the total available 
468685 

tt is evolved in the producer. Much of this is carried away 

sensible heat, and is lost as the gases cool in the tubes. The 

ance, 1078124 units, is evolved on combustion of the gas in 

furnace. 

['he products of combustion, allowing 20 per cent excess of 

are — 

Carbon dioxide, ... ... ... ... 

*T Cvvwf^A •■• ••• ••• ••• •■• t«« 

J^i XXTOC&n^ ••• vet ••• ••• !•• ••• 

V/A YkwUi •••' ••• ••• • • • ••• ••• 



309*393 lbs. 

47*205 „ 
999*527 „ 

30-218 „ 



1386-343 „ 

bich the capacity for heat can readily \)G aaeetVaicaftftL* 
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TTnito. 

Carbon dioxide, 309-393 x-2164= 66952 

Water 47-205 x -4750= 22*430 

Nitrogen, 999-627 x •2440=243*885 

Oxygen, 30-218x *2182= 6-693 



1386-843 X -2462=339*862 



That is to say, the products of combustion absorb 339*862 
units of heat for each degree rise of temperature. 

Distribuiion of Heat, — M. Krause analysed the work of a 
heating furnace at Soughland iron-works. The furnace heated . 
about 18,000 lbs. of iron in twenty-four hours, and the quantity 
of coal used was 4000 lbs., or at the rate of about 4*44 cwts. 
per ton of iron heated. 

The coal contained 10 per cent of ash, so that the 4000 lbs. 
was equivalent to 3600 lbs. of combustible matter. The valves 
were reversed every half-hour, so that between each reversal 
75 lbs. of combustible was burned, developing 1160106 units 
of heat. 

Lo.'^srs by the Chimneff. — Suppose the gases to leave the chim- 
ney at 392° F., they would carry with them 339-862 x -75 x 360 
= 91762 units of heat. 

Losses by Transmission through Walls of Regenerator, — This M. 
Krause calculated, assuming the gases to leave the furnace at 
2912° R, to be 27750 calories, or 110112 B.T.U. 

Heat Absoi'bed by Iron.— To heat 18,000 lbs. of iron to 2912' 
F. from 32° in twenty-four hours, or 375 lbs. each half-hour, 
its specific heat being -185, would absorb 375 x 2880 x -185 
= 199800 units. 

Summary of heat evolution for each 75 lbs. of coal: — 

Units. Per Cent. 

Conversion into gas and loss in cooling-tubes, 382835 33 

Loss by chimney, 91762 7-9 

Loss by transmission through walls of re- ) 110112 9-5 
generator, ... ... ... ) 

Taken up by the iron, 199800 17*2 

Lodged in furnace and loss through walls, ... 375597 32*4 
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Heai Intercepted by Regenerators, — ^The products of combustion 
ive the furnace at 2912° R, and carry off 2880 x 254-88 = 
4023 units in half an hour; of these the chimney takes off 
683, and the walls of the regenerators take up 110112, and 
e remainder 532237 is available for heating up the gas and 
r, so that if the regenerators are of equal size there would be 
16118*5 stored up in each. The quantity of gas produced 
om 75 pounds of coal is 451*62 pounds, of which the capacity 
T heat is 120*75 units for each 1** of temperature, so that these 
ises are raised to the average temperature of 2236" F. 

The thermal capacity of the air, including the 20% excess 
)r the 75 lbs. of coal, would be 588*2 lbs., and its specific heat 
lay be taken as *24, so that for each degree 141*37 units of 
eat would be required, and the resulting temperature would 
e 1914° F. 

As it is desirable that the air and gas should be at as nearly 
8 possible the same temperature, the air regenerator is pref er- 
bly made larger, so as to give a larger heating surface. The 
eat carried forward by the gases is of course added to that 
btained by the above combustion. 

Mr.Thwaite's Calculations.^ — Mr. Thwaite has recently 
ilculated the efficiency of the regenerative furnace under three 
mditions: (1) the gas supplied hot from the producer, (2) 
le gas cooled in cooling-tubes, and (3) the ideal furnace ; and 
s results are given graphically in fig. 78. It will be noted in 
ese that no allowance is made for loss by radiation from re- 
snerators or furnace, all this being calculated as useful work. 

Furnaces for Liquid Fuel. — Furnaces using liquid fuels 
ive not yet been used to any extent for metallurgical pur- 
)ses, though they may be so in the future. 
In general there are two ways in which liquid fuels may be 
Jrned: 

1. The oil may be passed through a retort or coil of pipe 
eated in the furnace or by external heat, by which it is 
^ponzed and the gas is burnt. Such an aTiaugsment is 

'See Journals. Staff, iTUtitute, \o\. n\. 



Colo Qa8 Furnace. 




Hot Qa8 Furnace. 




Ideal Furnace. 




Conduits or Fv.u£.a \ yu^HKot. \ Q,H\\»Htx 



F. 
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merely a gas furnace in which the gas is made from oil. This 
process has the great disadvantage that it can only be used 
with oil^ which, on distillation, leave no solid residue, and few 
such arQ cheap enough to be used. 

2. The oil in the liquid form is injected into the combustion 
chamber in the form of a very fine spray by means of a jet of 




Fig. 79.— Aydon's Type of Injector as used at Memn. Field's. 





Pig. 79 A.— Aydon's Type of Injector as used at Woolwich. 

steam. In this way combustion takes place at once, and there 
is no deposition of solid residue. Two forms of burner for 
this purpose are shown in figs. 79 and 79a. 

Liquid fuel has been very successfully used for firing 
boilers, stationary, locomotive, and marine, by means of these 
injector burners. 

As an example of the application of gas to metallurgical 
Purposes, the Thwaite oil-fired forge may \ie tsv^wXaoti^^, Tc\^ 
^ based on the gasification principle. Ait ox ^\,Qi^\xx \^^J^^"^^ 





r^.M*,— Hiirsitt'i 



through the pipe A (fig. 80a) 
and rlntwa in the oil; tlie 
mixture of steam and oii 
spray passes to the bottom 
of the retort B by the pipe F, 
%nd being there voktihiied 
passes o\ or into the spacefj,-) 
where it meets hot 
the recuperator ( 
tion takes place, the fl^un* 
plays (iown on the hearth 
of the forge, and the pro 
duLts of combiistion yssi 
through the recuperator to 
the chimney The recupcr 
iitor consists of a series o' 
tubes which are heated by 
the products of combustion, 
and t]irough which the air 
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jntH of an oil-fired Bteel furnace. The oil is blown into the 
amber A as a spray, by means of a steam jet, and is at once 
latilized, entering the furnace and burning exactly like gas. 

Powdered Fuel. — Attempts have been made to bum 
>wdered fuel by a process almost identical with that used for 
raying oil. In 1868 Mr. Crampton patented a method of 
uning powdered fuel. The coal was powdered so as to pass 




irough a 30 hole sieve, and the powder was blown into the 
imace by means of a jct of air The hearth of the furnace 
as so shaped that the currents were directed downwards and 
ere reflected up again over the fire bndge, and a small fire 
as kept burning, at any rate until the temperature of the 
irnace was high enough to ensure combustion taking place 
Ir Crampton descnbed his methods in a paper read before 
le Iron and Steel Institute in 1873 A now form of burner 
ir burning powdered fuel, invented by Mr. Carl Wegener, 
hioh promises well, is described in Engineering, vol. Ixi., p. 81, 
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CHAPTER X. 

SUPPLY OF AIR TO THE FURNACE -REMOVAL OF WASTE 
PRODUCTS— SMOKE— PREVENTION OF SMOKE. 

Chimney Draught. — Reverberatory and all other open- 
hciirth furnaces depend for the supply of air for combugtion 
on natural draught, that is, on the draught producible by 
moans of a chimney. The theory of the chimney is very 
simple; it is simply that a column of heavy fluid will over- 
1)alanco a column of the same height of a lighter fluid. In 
the chimney is a column of hot and therefore light air, outside 
is a column of cold and therefore heavier air, and the two 
are in communication at the bottom; the pressure of the 
heavier cold air therefore displaces the lighter hot air, and 
flows in to tiike its place, but as it passes through the fire it 
too ])ocomcs heated, and thus a constant circulation is set up. 

Al)()ut 24 pounds of air will be required to bum one pound 
of coal, assuming the excess of air to be equal to that actually 
lecjuired, so that the products of combustion from one pound 
of coal will weigh a})out 25 pounds, and the volume may be 
taken as l)eing about 12| cubic feet at 32** F. for each pounc 
of air passing into the furnace; and as the volume of gas w 
proportional to its absolute temperature, the volume anc 
pressure of gas can easily be calculated for any temperature 
Rankine {Steam Engine, p. 286) gives an elaborate set o: 
formulae, based to a large extent on the work of Peclet. As 
however, Peclet's constants were determined for special con 
ditions, and it is uncertain how far they can be relied on undei 
others, the formulae are not of much practical value. 

The active force which causes the circulation is the difference 
in weight of the two columns of air. The velocity of th< 
current, neglecting friction, depends on the two factors, th« 
height of the chimney, and the temperature of the gases, anc 
varies as the square root of tbe increase in height and th' 
square root of the differeiice oi iiv^^etw^ ^w^ e^\.^\:>cv^ \fss5 
peratures, and the actual ya\\x^ oi -o ij\i^ N^\o^\\.f^ v^ \fc^^» 
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econd, neglecting friction, is : t; = ^ ^ — ^, where g is 

ihe acceleration due to gravity = 32*2, h is the height of the 
chimney, T the temperature of the external air, t the tem- 
perature of the chimney gases in F.°, and 459° the zero (0° F.) 
in the absolute scale, and if the velocity is constant, the amount 
of gas which will pass will obviously depend on the area of 
section of the chimney. 

It is calculated that the value of v reaches a maximum when 
the gas in the chimney has half the density of the gas outside, 
and therefore if the temperature outside were 32° F., the gas 
inside should be at 459 + 32 = 491", and the gas discharged 
will equal about 25 cubic feet per pound of air supplied, or 
about 600 cubic feet per pound of fuel. 

As the draught-power varies as the square root of the height 
of the chimney, each equal addition to the height makes less 
and less difference in the draught; an increase, for instance, 
from 100 feet to 150 feet would only increase the velocity, 
if the temperature remained the same, in the ratio Vl : Vr5, 
u. 1:1-22. 

As already mentioned, the friction of the gas and other 
resistances come into play and modify the results, and this is 
equivalent to a reduction of the area of the chimney. For round 
chimneys the effective area E may be taken as E = A - '6 Va, 
where A is the actual area. If additional resistances are to be 
overcome, as, for instance, thicker beds of fuel to be used or 
the gases be made to pass through more tortuous passages, a 
greater height will be needed to produce the same draught. 

The draught may be measured by the height of a column of 
hot air which would be required to balance the cold air, or 
by the pressure which it is capable of producing either in 
pounds on the square inch or in inches of water. The draught 
produced by a good chimney is about 1*5 inches of water, of 
which a large proportion is used in overcoming resistances of 
various kinds. The draught F, measured in inches of water, 
^n be F= 192 h (D- d\ where h is t\ie YieigYvX, (^l \\v^ Ok^ss.- 
^y, D and d the ireight in pounds oi a e\xb\(i ioo\* <il XJcl*^ ^>* 
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outnidc and the gas inside the chimney. As the draught oi 
the velocity depends on both height of the chimney and the 
teniiMirature of the gases it may be improved by increasing 
either. The height of the chimney can be increased by building 
it taller, the temperature can be increased by either prevent- 
ing Ums of heat from the gases or by preventing cooling hy 
admixture of air. As a rule the draught in an open tire, 
such as a domestic gnite or a roasting furnace, is very poor 
])ecause of the large admixture of cold air which talces place, 
thus reducing the temperature of the gases, whilst in a crucible 
furnace, in which almost all the air passes through the fael, : 
and therefore the gases become intensely hot, the draught is 
very strong. 

In oi'der to prevent loss of heat a chimney should be built 
as massive iis possible, and should be of stone or brick, not of 
metal, which being a good conductor and also usually being 
thin, allows heat to be lost very readily. The height of the 
chimney will vary; it should reach above surrounding build- 
ings, and as a rule should not be less than 50 feet, unless per- 
haps for small furnaces where there is but little resistance. 
W'heie there are resistances to be overcome, or where several 
flues pass into the same chimney, the height should be 100 
feet or more. 

The section of the chimney will, of course, depend on the 
amount of gas to be passed through, and this will depend on 
the grate area; it should be about '10 to '25 of the total grate 
area of the furnaces which feed it. A chimney 100 feet high 
and 30 inches in diameter, having therefore an area A = 491 
scjuare feet, and an effective area (A - '6 V3l) = 3*58 square feet, 
should be capable of ])urning about 600 lbs of coal per hour.^ 

In metallurgical works the flues from the furnaces usually 
pass downwards into an underground flue, and several of these 
flues are attached to the same chimney. The greatest care 
must be taken in laying out the flues that at every junctioi 
the uniting streams of gas are travelling in the same direction 
and if two or more flues unite at the foot of the same chimn.® 

iSee Kent, Tran«. A.S.M.E.^nqV^ 
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B chimney should be divided for some distance up, so that 
e currents may be all ascending before they mix. 

Blast or Forced Draught. — When air is supplied under 
ressure a very much more rapid combustion can be made to 
ake place, amounting in some modem marine boilers to 150 
)ounds per square foot of grate area per hour. 

The blast may be supplied in various ways. In the blast- 
Eumace for iron smelting, blowing-engines are usually used; 
Eor smaller cupolas and for supplying the necessary blast to re- 
verberatory furnaces, fans, blowers, or steam jets are preferred. 
As a rule a blast is more economical than natural draught, as 
less excess of air need be passed in, and the gases can be 
allowed to escape at a much lower temperature. 

Removal of Products of Combustion. — However the 
combustion be brought about, whether by natural or forced 
draught, the chimney is necessary to carry away the products 
of combustion. 

Smoke. — ^When coal, wood, or other similar materials burn 
they are very apt, under certain conditions, to form smoke. 
Smoke is simply unburnt carbonaceous material, and its pro- 
duction is always due to incomplete combustion, this being 
caused either by imdue cooling or by lack of air. 

If the air supply be sufficient and the temperature high no 
smoke is produced, and in reverberatory roasting furnaces, in 
which these conditions are carried out, the flue dust is usually 
quite free from carbonaceous matter. On the other hand, in 
boiler fires where the cooling surface is large, so that the gases 
are easily reduced below the combustion temperature, the pro- 
duction of smoke is very common. 

It may be laid down as a general rule, that to ensure smoke- 
iess combustion three conditions are essential : 

!• The air must be in excess of that required for complete 

combustion. 
^- The air and gas must be thoroughly mixed. 
^' The temperature of the mixture must "be "ke^^^j ^iXiQN^ \Xsai^ 
necessary for combustion until all tlie caT\>ou\& ^Low^xxma^. 
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The necessity for a sufficient air supply is obvious, but un- 
less the air }ye brought in contact with the gas its presence can 
]>e of no value. A lamp may biu*n with a smoky flame in the 
free atmosphere, where therefore there is ample excess of air, 
1)Ut this air not being ])rought in contact with it at a sufficiently 
high tem{H^niture combustion cannot take place. 

In practice smoke is almost always produced by undue 
cfMiIing, and this may l>e brought a1>out in various ways. 
One of the most common is bad stoking. A thick layer of 
cold cojd is thrown on the fire; the heat at once starts distil- 
lation, but the evolved gases ])eing separated from the hot 
fire ])y the cold layer of coal caimot ignite and therefore 
I'Hcapo, pHMlucing a dense smoke, which is mainly not carbon 
1)ut tarry matters. To prevent the production of smoke from 
thJH cauHe the fuel should ])e supplied in small quantities at a 
time at the front of the fire, so that the products of distillation 
pass over the hot coke at the Ijack and are thoroughly heated. 
Ill some furnaces, and especially with some kinds of coal, a 
(lea{l-j)late -i.e.. a plate with no perforations for air — is placed 
at the fi'ont of the furnace, and on this the fuel receives a pre- 
linn'nary coking before it is pushed forward into the furnace. 
Ill th(i case of furnaces driven with a blast below the hearth an 
additional suj)ply of air should be sent in above the fire so as 
to ensure combustion of the gases. 

In order to ensure uniform stoking, mechanical stokers are 
often enipl()ye<l. By these the coal is either spread evenly over 
the fire, or it is supplied at a uniform rate on to a dead-plate» 
where it is coked, and then is gradually worked from the front 
to the back of the grate. 

Another very common cause of smoke is insufficient cox^' 
bustion space. The gases must be allowed to mix fredy* 
any contfict with solid l)odies will hinder combustion, and nci^y 
determine the deposition of carbon. This takes place to sot^^ 
extent if the surfaces be hot, but to an enormously grea*^®^ 
extent when they are cold, as in the case of boiler flues ^^ 
tubes. 
The amount of solid materia\ carri^ «^\i.^ \i^ >(X^& «a\.^^ 
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urge, rarely amounting to 1 per cent of the fuel. It 
not necessarily follow that the combustion of this soot 
I increase the heating power of the furnace, since for 
purposes, especially for steam raising, a luminous highly 
bive flame seems almost essential for economical working, 
t is impossible to have such a flame without at least the 
3ility of the formation of smoke. 

lOt. — When products of combustion carrying smoke come 
ntact with cold surfaces they deposit soot. Soot is a 
mass, and is usually regarded as being carbon. It, of 
e, contains a large quantity of carbon, but it is by no 
B pure, as the following analyses will show: — 





1. 


2. 


3. 


4. 


'vUa ■•■ ■■• ••• •■• 

rocarbons, &;c., 

rogen, 

•huric acid, 

•hur, ... 

eral matter, &c., 


39 
14-3 

4-33 

36-67 


86-94 
3*3-5-2 

8-9-7 


68-5 
4-4 

4-8 
22-7 


75-3 
3-9 

3-2 
16-3 



anchester Air Analysis Committee, Out-door Department. 2, Roberts- Austen 
ted Fire Iilue. 3 and i, Cohen and Hefford. 

le presence of sulphur in the soot is of great interest. It 
present not known exactly in what form it exists, but 
n and Hefford think it is as organic sulphur compounds. 
' give the distribution of the sulphur in two samples of 
experimentally burned as being — 



Burnt, i.e. S O2 in gases, . . . 
In cinder, ... 
In soot, 



71-78; 

13-71 
14-51 



60-0 % 

28-13 

11-88 



le production of soot is far larger from house fires than 
any form of furnace used in the arts. 

•evention of Smoke. — Methods for the prevention of 
:e have already been mentioned, but the only real remedy 
s to be the larger use of gaseous fuel. It must not be 
ined that gaseous fuel is necessarily smokeless ; far from 
yoaJ-gas can be made to give as smoky ^ ?ia?aia %»» ^q>A\ 
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indeed, as before remarked, any luminous flame is at least 
potentially — and often actually, to a small extent — a smokj 
flame, but gas can be far more easily regulated than can a 
solid fuel fire. 

At the same time, though smoke may be prevented, the 
sulphur dioxide, sulphuric acid, and deleterious gaseous pro- 
ducts of combustion cannot be avoided, and can only be 
diminished by a less consumption of coal. 



CHAPTER XL 

PYROMETRY. 



Pyrometry. — The measurement of temperature is the 
on which all knowledge of the quantitative effects of heat- 
ing agents must be based, and yet it has been very much 
neglected, not only by the practical but by scientific metal- 
lurgists, and it is only within the last few years that serious 
attention has been given to it. 

The temperature of a body may be defined as "its state 
Math reference to sensible heat", or, in other words, its hotness 
or coldness. The terms " hot " and " cold " are useful enough 
in popular language, but they are used so loosely that it is 
impossible to give them a precise value, and thus fit them for 
scientific use, and at best they are only comparative. When 
the temperature of a body rises or falls, the body is said to 
become hotter or colder, and in this sense the terms may ho 
used without fear of confusion, but they do not help us to 
understand what is meant by higher and lower temperature. 

The only explanation that can be given is that based on the 
transference of heat. If two bodies be placed in contact, either 
there will be a flow of heat from one to the other, or there 
will not. If there be not, then the bodies are said to be at 
the same temperature. If there be, then the body from which 
the heat flows is said to be at a higher temperature, and that 
to which it flows at a lower temperature. Heat will always 
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low from a body at a high temperature to one at a lower 
/emperature, until temperature equilibrium is set up, and both 
acquire the same temperature. The resulting temperature will 
iepend — provided there be no loss of heat — on the relative 
capacity for heat of the two bodies. 

On this law depend most of our methods of estimating 
temperature. The substance the change in which is to be 
used to indicate temperature, and which may be called the 
thermometer, is placed in contact with the hot body, the 
temperature of which is to be taken; interchange of heat 
bakes place, and the thermometer acquires the temperature 
of the hot body, or rather a temperature resulting from the 
absorption of heat from the hot body by the thermometer 
itself. It is quite obvious that for any thermometer of this 
type to be of use, its heat capacity must be very small 
compared with that of the hot body, or it will so far reduce 
the temperature that the results which it gives will be value- 
less. 

Temperatures cannot be measured directly,' as there is no 
Scale that can be applied to them; the sense of touch even, 
^thin the extremely narrow range for which it is available, 
is so vague and uncertain, so largely dependent on conditions 
other than temperature, that it is quite useless for measure- 
iJaent, or even for comparison. 

Heat produces many changes in material substances, and 
gives rise to many phenomena which can be readily measured, 
^nd which therefore may be used to measure temperature. 
Some phenomenon or property is selected which varies with 
the temperature, or which is "a function of the temperature", 
^nd the measurement of the change produced serves to mea- 
sure the rise or fall of temperature producing it, for it must 
t>e remembered that it is gnly change of temperature that 
Can be measured. If everything were at one and the same 
temperature, either high or low, there could be no means of 
Measuring it. 

In order that various instruments of different construction, 
^^ based on different principles, may be com^aT^iiXAfe^ \\» S& 
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essential that there should be a definite zero or starting-point; 
and some suitable unit in which the measurements may be 
miide, and these should be designed so as to be quite inde- 
pendent of any particular form of thermometer. 

There are in nature many fixed points, or changes taking 
place at a definite temperature, any of which could be taken 
iia a convenient zero or starting-point. The one usually 
selected is the melting of ice or freezing of water. The 
temperature at which this takes place is taken as the zero on 
the Centigrade and R^aiuuur scales. The determination of the 
degree or unit may bo made in several ways. The usual 
method is in principle as follows : — The freezing point having 
been selected as zero, another fixed point, usually the boiling 
point of water when the barometer stands at 29*905 inches, is 
selected, and called 100. The difference between the freezing 
and the boiling point of water being taken as 100", the value 
of a degree can easily be defined. If 1 lb. of water at 100"— 
the boiling point — be mixed with 1 lb. of water at 0°, the 
result will be 2 lbs. of water at 50°, since the heat which is 
lost by the hot water will be gained by the cold; and similarly, 
if 1 lb. of boiling water be mixed with 99 lbs. of water at 0°, 
the result will be 100 lbs. of water at 1°. 

Hence a degree might be defined as that increase of tem- 
perature which would be produced by mixing 1 part of water 
at the boiling point with 99 parts of water at the freezing 
point, the experiment being so conducted that there is no loss 
of heat. This assumes the constancy of the specific heat of 
water. Or it may be defined as the temperature which will 
cause an expansion of mercury (or, better, air) yj^ of that 
which takes place between the melting and boiling points of 
water. 

The figures given to the Centigrade or Celsius scale, which 
is in common use in Europe, and which is used everywhere 
for scientific purposes. On the Fahrenheit scale, which is still 
generally used in this country, the freezing point of water is 
called 32^, the zero being an arbitrary point not coinciding with 
any fixed point in uatuYC, ?v.ivd the boiling point is called 212°, 
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le difference between the two being, therefore, 180°. On 
lis scale the degree would be the increment of temperature 
reduced by mixing 1 lb. of boiling water with 179 1]>8. of 
3e-cold water (at 32"). The conversion of a temperature from 
me scale to another is very important and is very simple, if 
t be remembered that the ratio between the degrees on the 
two scales is 180 : 100, or 9 : 5. 

Conditions for a Good Pyrometer. — Having decided 

on the zero point and the degrees to be used, the conditions 

"which will be required in a good pyrometer can be considered. 

. 1. It must indicate the temperature with sufficient accuracy 

for the purpose for which it is to be used. 

2. It must have a sufficiently long range. 

These are the fundamental and essential conditions, without 
which the instrument will be valueless. What degree of 
accuracy, and what range is necessary, can only be decided by 
a consideration of the exact conditions under which the instru- 
ment is to be used. It will be seen that a delicacy and range 
greater than that actually required will not only be useless, 
but will probably be attended with distulvantages in other 
directions. 

3. Its indications must be fairly rapid. 

4. It must always give the same indication at the same 
temperature, even after it has been a long time in use, i.e. 
there must be no displacement of zero. 

5. It should allow of comparison with the mercury or air 
thermometer, or with the fixed points of temperature, so that 
a value for its indications may be obtained in ordinary degrees, 
^'ailing this, the scale ^Wll be an arbitrary one. 

6. It shoiUd not be easily broken or put out of order, and 
should not be injured by being exposed to a temperature con- 
siderably above or below those which it is intended to indicate. 

7. It should not require a specially-trained man to make 
observations. 

8. It should be continuous in its indications — that is, it 
should not require a sepirate experiment ior cacXv o\>^vi\Nv\.\Awcv, 

^e degree of importance which will be vxlUc\i^A. \.^ <ivs.Oft. <^V 



252 FUEL AKD REFRACTORT MATERIALS. 

these conditions will vary with the purpose for w 
instrument is required, and with the taste of the n 
must be admitted that there is no instrument which 
the conditions, but there are several which fulfil most 
and the engineer, knowing exactly what he require 
have no difficulty in selecting an instrument to suit his 

Properties which have been used for Pyn 
Methods. — Almost every property of matter whi( 
with the temperature has been used or suggested sa 
for pyrometric methods. An exhaustive list has b€ 
l)y Dr. Carl Barus,^ to which those interested can re: 
however, many of the methods suggested have not 
plied to the production of instruments for technics 
much briefer classification than that of Dr. Barus wil 
the purpose here. 

1. Change of volume, %,e, expansion of solids, li( 
gases. 

2. Vapour tension. 

3. Fusion. 

4. Method of mixtures. 

5. Conduction of heat. 
G. Optical methods. 

7. Electrical methods. 

In order that a phenomenon produced by increase of 
ture may be available as the basis of a pyrometric m 
is essential — 

1. That the change produced by change of temper 
capable of being measured. 

2. That the law connecting the change with the ii 
of temperature producing it be accurately known 
temperatures at which the instrument is to be used, 
sufficient that the law be determined, however accun 
any other range of temperatures. 

If a sufficient number of determinations be plotted 
and a curve be drawn through, tkexa, \wte;nx!LQ*dia.t.ft ^ 

1 JCemoirs U. S. Geological Suroe^j. 
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uually be obtained by measurements from the curve, but it is 
lever safe to extend the curve in either direction beyond the 
sxtreme points which have been determined by experiment. 

A large number of pyrometers have been devised based on 
shanges of length or volume of selected substances produced 
ij the change of temperature. 

Expansion of Solids. — Many pyrometers have been based 
)n the linear expansion of solids. If a bar of a solid be heated 
it will increase in length by a fraction of its length at 0° for 
)ach degree rise of temperature. For instance, a bar of iron 
I foot long at 0° would become 1-0000122 feet at 1°, 1-0000244 
eet at 2°, and so on. In general, a bar of length L at zero 
vould become L (1 + o ^) at T, where a is the fraction by which 
he length of the bar, 1 unit long, would be increased by a rise 
•f temperature of 1° C, or the coefficient of linear expansion. 

This formula would be quite correct if the value of a re- 
aained constant at all temperatures, which it does not, but usu- 
lly increases as the temperature rises. The amount of expan- 
ion is very small, so that unless the bar be very long it is not 
asy to measure, and a long bar is usually quite impracticable. 

Daniell's Pyrometer. — One of the earliest pyrometers 
uggested — that of Professor Daniell — was based on the expan- 
ion of a solid, and as the starting-point of such instruments 
i is of interest, though now of no practical value. 

It consisted of a tube of graphite, in which was placed a 
letal rod. The upper part of the tube was slightly enlarged, 
fid in this portion was placed a tightly-fitting plug of porcelain 
ushed down so as to be in contact with the rod. The instru- 
ment was placed in the furnace or other space the temperature 
- which was to be determined, and allowed to remain long 
lough to acquire its temperature; it was then removed and 
lowed to cool. As the temperature rose, the bar, expanding, 
J^shed the plug before it, and as the bar contracted on cooling, 

could not draw the plug back again. The plug, therefore, 
'Gained in the position to which it had bee^w "^xxsl^ad b^ the 
landing rod, and hy means of a meaaurvivg m^Xtvxsxxfij^ Ni^^ 
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distance by which it had been advanced could be measnrei 
Ob\iou8ly the observed expansion was differential-4.e. 

difference between the expansion of 
rod and that of the containing tube. 

Schaffer and Budenberg's Pyro- 
meter. — The same principle has recently 
been applied by Messrs. Schaffer and 
Budenberg in their expansion pyrometer 
(fig. 82), which depends on the differential 
expansion of copper and iron. This in- 
stniment consists of an outer tube of iron 
and an inner rod of copper, united at the 
bottom of the tube, the end of the rod 
being enlarged to the diameter of the tube, ' 
and projecting some distance beyond it, so 
that by its great conducting power it may 
help to heat the instrument rapidly. At the 
top of the iron tube is screwed an indicate 
ing dial, the pointer of which is actuated 
by mechanism attached to the top of the 
copper rod. For taking the temperature of 
furnace or other gases the outer tube may 
])e made with slits to facilitate heating. The 
instrument is placed up to the fitting cone 
in the flue or other space, the temperature 
of which is to be observed. The iron tube 
first becomes heated and expands, carrying 
with it the copper rod, so that the pointer 
nms back. As the whole becomes heated 
the copper rod expands, the pointer moves 
forward, and in about twenty minutes 
comes to rest, indicating the temperature. 
The amount of expansion which has to 
be measured is so small that it is found 
best to graduate the dial by comparison 
with a standard thermometeT, aivd \\v^ \tv^\.t>\\s:^«vv\» ^^wnHsss^^^ 
verified at any time by heatmg to a Vxvo-wrv \fem^^\»x^^^ 
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Fig. 88.— Sch&flFer and 
Budcuberg'H Pyrometer, 
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* instance, in steam, when the pointer should indicate 212". 
I any pennanent set would introduce a displacement of zero, 
rification at intervals is important. This pyrometer is 
viously not capable of indicating sudden changes of tem- 
rature, owing to the time it takes to heat and cool, and 
idings taken before the pointer has come to rest, or in vary- 
l temperatures, will be uncertain. It can be used up to 
aut TOOT., and the whole range of temperature, from 212° 
700°, is indicated on the dial. It gives the temperatiu-e 
itinuously by reading the dial. The tube may be from 
eet to 6 feet long; it cannot therefore be used in very con- 
ed spaces, and its capacity for heat is high. It is best suited 

• taking the temperatures of stills, flues, &c., where there is 
iple room, the temperature is fairly steady, and where a 
nperature above the maximum is not likely to be reached. 

flues the outer tube would be likely to oxidize unless well 
otected by a coating of clay. 

A form of instrument depending on the differential expan- 
)n of metals, but applied in a different way, is Breguet's 
etallic thermometer. This is often shown for class demon- 
ration, though it is of no practical use. It consists of a fine 
bbon made up of strips of gold, silver, and platinum rolled 
gether, and coiled into a spiral, to the lower end of which is 
tached a pointer. These three metals have very different 
tes of expansion, the silver expanding most, and the platinum 
ast. The instrument is very sensitive to temperature changes, 
e difference in the expansion of the metals causing the spiral 

coil or uncoil, as the case may be, and thus move the 
>inter. 

Messrs. Schaffer and Budenberg have also designed a pyro- 
eter based on this principle. It consists of an iron tube 
ntaining a coil made up of a ribbon of two metals well 
cured together, and fastened at the lower end to the bottom 

the tube, whilst the upper end is attached to an indicating 
echanism, by which a pointer is made to indicate the tem- 
mture on a dial These instruments ar^ m^^^ \)Ci "c^'sA \x^ 
^50" F.; they are very similar to tViose \aat dL^^ct^^ftt^ ^'s^ 



256 



FUEL AKD RBFRAGTOBT MATERIALS. 



can be used for similar purposes, and can be made as short as 
1 foot. 

Thwaite Pyrometer. — This instrument consists of a 
hollow tube or cylinder a of mild steel, to the end of which is 

attached an ebony handle. In the centre 
of this steel cylinder there is a steel or 
platinum band or wire c, held under ten- 
sion by a coil spring d. The end of the 
band or wire terminates in a steel bar ^ 
working in close contact with a pinion /, 
the contact being maintained by a spring; 
which, whilst pressing the steel bar e 
against the pinion /, allows the free move- 
ment of the former. The other end of the 
tension band or wire c is attached to the 
inner end of the steel cylinder a, which is 
filled with lime dust to preserve the band 
from oxidation. The exposure of the steel 
tube or cylinder a to elevated tempera- 
ture, to be measured for a period of one 
minute by a sand-glass, produces an elon- 
gation of the steel tube a. This is trans- 
mitted to the central steel wire c, which 
thus draws down the bar e, and the move- 
ment of the bar on the surface of the 
pinion is multiplied 1800 times by gear- 
ing, and is indicated on the dial. 

Expansion of Liquids. — This is the 
most common means of measuring tem- 
perature, but is not often available for 
very high temperatures. The best example of an instrument 
based on this principle is the common mercury thermometer. 

Mercury Thermometer. — This consists of a bulb con- 
taining mercury, to which is attached a stem with a very fine 
bore. When the bulb is Tieated \\ift me^oacc^ «x.^^w^^ ^^s^^ 
therefore rises in the stem, and ?^- ^^- os^x^MiSfc^ dl xX^a vx««^Na. 
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Fig. 88.— Thwalte'8 Periodic 
Dilatation Pyrometer, 600° to 
1600' Cent. 
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ery small compared with that of the bulb, a small expansion 
:xiiay produce a very considerable rise. The amount of mercury 
18 so adjusted that it will not completely retire into the bulb 
sit the lowest, or reach the top of the tube at the highest tem- 
^perature to which the instrument is to be exposed. The in- 
strument is always graduated by experiment : the bulb is put 
into melting ice, and the top of the column of mercury is 
viarked 0° (or 32**) ; it is then put into boiling water or steam 
^the barometer standing at 29*908 inches), and the height to 
"which the mercury rises is marked 100** (or 212**). The space 
Iwtween the two marks is (assuming the tube to be of exactly 
Tiniform bore) divided into 100 (or 180) equal parts, each of 
vhich represents a degree. For temperatures above 100** C. 
(or 212° F.) the divisions are continued upwards as far as 
required, and for temperatures below 0** they are continued 
downwards. Temperatures below zero are read downwards, 
and are indicated by the sign - . 

Absolute Zero. — On the Centigrade scale the zero is the 
freezing point of water, on the Fahrenheit scale it is a point 
32** F. below this; both these points are arbitrary, and much 
lower temperatures than either are obtainable, so that the 
negative sign has to be used. Is there no more convenient 
starting-point; is there no absolute zero, or point below 
which further cooling is impossible, so that if it were used 
as a starting-point the negative sign would never be required ? 
There is such a point, and though it has never been reached 
experimentally, it has been fixed by several lines of experi- 
ment and reasoning as being about 273° C, or 459** F. below 
zero. This point is called the absolute zero, and temperatures 
measured from it are called absolute temperatures. The abso- 
lute temperature can always be obtained by adding 273 to the 
temperature in Centigrade degrees, or 459 to it in Fahrenheit 
degrees. 

Expansion of Mercury. — The amount of expansion of 
mercury which measures a degree is determiiv^ betN^^^w Q° C 
'jujd 100" C, and higher and lower temperatAirea ax^ ^\ai«v^\ 

(M262) ^ 
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by continuing the diWsions upwards or downwards ; but these 
divisions will only each represent the same increment d 
temperature, provided that the mercury expands at the same 
rate for all temperatures; but it does not do so; the coeffici^ 
of expansion increases as the temperature rises. The mean 
coefficient of expansion of mercury between 0°C. and 100°C. 
is '00018153, and even between these limits it is not absolute!/ 
uniform; whilst at 300** C. the coefficient of expansion is 
00019464, a difference of about 7 per cent. If great accuKwy 
is required, a table of the variation at each particular tempera- 
ture must be prepared. 

The (juestion, however, is not quite so simple as would 
ap])eiir from this, for the mercury is contained in a glass bulb, 
which will expand and thus increase in volume. The observed 
rise o( the mercury will not, therefore, be its absolute expan- 
sion, but will bo the difference between this and the expansion 
of the glass. 

If a mercury thermometer be plunged into melting ice, the 
mercury fulls to zero; if it be then warmed and cooled again, 
and so on, a largo number of times, it will be found that at 
last the mercury no longer returns to the point. The bulb 
has taken a permanent set, and produced what is called a dis- 
placement of zero. This will introduce an error into all read- 
ings, which may, in some cases, amount to as much as 1°. 

The mercury which the instrument contains, and the expan- 
sion of which is used in measuring temperatures, freezes at 
- 38-8° C. ( - 37-9° F.), and boils at 350° C. (662° R). These 
temperatures mark the extreme limits between which, only, 
the instrument can be used. Its upward range is therefore 
very small, only reaching to about the melting point of lead. 

Other liquids may be used so as to give a longer upward or 
downward range, according as the liquid has a higher boiling 
or lower freezing point than mercury. 

The upper limit of a thermometer of this type is the boiling 
point of the liquid ; if this could be raised, the range would be 
increased. The boiling point dep^xv^'a ow >i?tvfe Y^^'^exa^. Hn 
therefore, the upper part ol t\ie t\\Vie ^«t^ «\^e>. ^\^ '^^^^ 
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Stic fluid wliich would exert pressure, a somewhat higher 
ige could be obtained. At a pressure of 30 atmospheres the 
tiling point of mercury is raised to over 500° C. The great 
rength of the tube which would be required to prevent 
acture prevents the extensive use of instruments based on 
dis principle. 

Baly and Chorley's Thermometer. — Messrs. Rily and 

jhorley have suggested the use of a liquid alloy of sodium and 
potassium, which has a very high boiling point, and which 
can be used up to 600° C, and pyrometers on this principle 
are now made commercially. 

Expansion of Gases. — Very many pyrometers have been 
based on this principle, and the most diverse methods of 
utilizing it have been proposed. Air pyrometers have some 
advantages, but in their usual forms they have also disadvan- 
tages, which often more than counterbalance the advantages. 

Gases expand very much more than either liquids or solids, 
arid, what is more important, the rate of expansion is much 
more uniform, at least within very wide ranges of temperature. 
In general the volume occupied by a gas is proportional to 
its absolute temperature, and the coefficient of expansion is 
'003665 for each degree C. or -002036 for each degree F. 
It is obvious that this is cubical expansion, or increase of 
volume, not mere increase of length, as in the case of solid 
bars. In all cases also the gas must be contained in an in- 
t^losing vessel, and the observed expansion will therefore 
always be the difference between the expansion of the gas and 
'bat of the inclosing vessel. The containing vessel also must 
^ completely closed or cut off from contact with the outer air, 
^d as the air in it has no visible surface, the use of a column 
f liquid or other index becomes essential if the expansion is 
^ be observed directly. 

Regnault made a very large number of extremely accurate 
©terminations of high temperatures by means of an air 
^ermometer. His method was to beat t\ie \^b»^^ Q,Q.\Y\aiv\v\\v^ 
e air to the temperature to be meaavvr^d arA \^ ^^^^\\s^ 
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the quantity of air which was expelled. A globe of glass 
a long neck, drawn out to a very fine point, was taken and 
put in the place the temperature of which was to be determineA 
It soon got hot, and, owing to the expansion, a portion of the 
air was expelled. When equilibrium was attained the globe 
wjvs removed, the neck sealed as rapidly as possible, and it was 
allowed to cool, the height of the barometer at the moment of 
sealing l)eing noted. The neck of the globe was then broken 
ott* under mercury, and the globe with the mercury which had 
cntereil it wns weighed. From this weight the volume of the 
air expelled could l)e calculated. The globe was then filled 
with mercury and weighed, and from this weight the capacity 
of the globe, and therefore the quantity of air it would con- 
Uiin, could be calculated ft*om these data; and making the 
necessary corrections for barometric pressure, expansion of the 
globe, <fec., the temperature could be calculated. 

Deville and Troost used a similar method with porcelain 
globes in place of glass, and iodine in place of air. A method 
liased on the expulsion of a volume of air by the vaporization 
of a known weight of a volatile solid or liquid, on the same 
principle as Meyers' method of determining vapour densities, 
has also been proposed. All these methods, however, necessi- 
tate trained observers, and involve an amount of calculation 
which renders them quite unfit for technical work. 

Changes of pressure which have practically no effect on the 
volumes of lifjuids and solids have an enormous effect on the 
volume of gases. If a gas be heated and the pressure be 
maintained constant, it will expand at the rate indicated by its 
coefficient of expansion; but if the gas be so inclosed that it 
cannot expand, then it will exert a constantly increasing pres- 
sure on the containing vessel. The action of heat on gases 
may therefore be measured either by keeping the pressure 
constant and measuring the increase of volume, or by keeping 
the volume constant and measuring the increase of pressure. 

In the constant-pressure methods a globe of glass of known 
capacity is connected by a capiWaxy \,\3[y>ek V\>i>a. >i>[v^ \«^ <^i Q\\ft 
^g of a ^aduated manometer, ao airasi^^, Vj Ts^^\Na. ^v -?. 



PTROMETRT. 261 

flexible tube or otherwise, that the mercury can be brought to 
the same level in both legs, so as to ensure the gas in the globe 
being at the same pressure as the air outside. As the globe 
is heated the gas expands, and some of it passes out into the 
manometer tube. When the globe has attained the tempera- 
ture to be measured, the manometer is adjusted so that the 
mercury stands at the same level in both legs, and the volume 
is read off. The calculations to be made are somewhat complex, 
and must take into account the volume of cooler air in the top 
of the manometer tube, the barometric pressure, &c. 

In the constant-volume method a similar apparatus may be 
used, but as the temperature of the air in the globe rises the 
column of mercury in the manometer tube must be increased, 
80 as to balance the expansive power of the air and keep it at 
a definite volume. 

In either case many precautions must be taken to guard 
against error, and the methods, though accurate as standard 
methods, and very useful for comparing and correcting other 
forms of instrument, are not suitable for technical work, except 
m the laboratory. 

The methods as described can only be used up to the tem- 
perature at which glass softens, say 600° C, unless bulbs can 
he made of some other material ; glazed porcelain answers very 
^ell, so long as the glaze remains intact, which is not very long. 
Platinum, which, on account of its in fusibility, might at first 
sight appear suitable, occludes gases, and also at high tempera 
*ures is porous to some furnace gases. Callander suggests^ 
the use of bulbs made of pure silica; but these could only be 
'J^e of very small size, and would be very difficult to make 
and to connect with other parts of the apparatus. 

Heisch and Folkard's Thermometer. — A form of air 
thermometer suitable for technical use, in which some of the 
difficulties of the ordinary form have been overcome, has re- 
cently been introduced by Messrs. Heisch and Folkard. In 
this instrument, the length of the scale is much reduced, 

i J. I. S. 7., 1892, vol. U. p. 165. 
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Fig. 84.-IIeiKh ft Folkard's 
Pyrometer. 



the whole range from 0° to 1000" F. being marked on one stem. 
The quantity of contained air, which is at a lower temperature 
than that of the bulb, is much reduced, and the influence of 
changes of barometric pressure is eliminated. 

The bulb A contains air under very much reduced pressure 

— about 94 mm. at 40°. It is connected 
with the mercury gauge H by a capillary 
tube, the other end of the gauge being 
attached to another very fine tube for 
indicating the pressure, the upper end of 
this being sealed. As the air expands it 
displaces some of the mercury in the tube 
and causes the column D to rise, the 
amount of rise depending on the relative 
diameters of the tubes.. The graduations 
of the scale are not uniform divisions, but 
become somewhat smaller as the tempera- 
ture rises. ^ 
Dr. Hurter speaks very favourably of this instrument, and 
reports that with repeated heatings to 500°, and subsequent 
coolings, he has detected no displacement of zero. It is obvious 
that the instrument can only be used for temperatures below 
the softening point of glass. 

Wiborg's Pyrometer. 2 — This is another form of air pyro- 
meter recently introduced, and depends on a somewhat more 
complex adaptation of the law of gaseous expansion. It con- 
sists of a vessel of porcelain, or other material, which may be 
called A, heated to the temperature to be determined, and in 
free connection with the atmosphere; also a smaller vessel B 
containing air at the atmospheric temperature and pressure, 
and a manometer. If the air in B be forced over into A, the 
increased (|uantity of air will cause an increase in pressure, 
which will depend on the quantity of air introduced — which is 
constant — and the temperature to which it is heated. This 

1 T. Hurler, Journal of the Society of Chemical Industry, 1886, p. 634. 
^Journal of the Iron and Steel Institute, 1882, vol. ii. p. 110 ; Journal oftiali^ 
tution o/ Engineer 8 and Shipbuilders iu Scotlaud^-sv^^iars.^* 126. 



] measured hy s. manometer, and the temperature 

oe obtained, Al] the necessary formulae and calcu- 

1 be found in the papers to which reference is made. 

trument is made in two forms: in one the mano- 

L column of mercury; in the other, which is much 

able, it is in the aneroid form. 

B as described are intended for 

^ temperature of the hot-blast 

imaces, for which purpose they 

7 and very successfully used in 

)ut they might quite well be 

any other purpose. 

b V (not shown) holds about 13 

irms the end of a porcelain tube 

lall internal diameter, but with 

walls. To this is cemented a 
ig, fromwbich a glass tube passes 
lOmeter; this is at first capillary, 
i out at m (fig. 85), then enlarges 
I B for holding the smaller quan- 
r, having a capacity of about 
of V. The bulb B opens below 
nometer tube n, which is con- 
.h a caoutchouc ball k, contain- 
ry, which is inclosed in a metal 
ip of which can be forced down 
w so as to expel the mercury 
ball and force it up into the ^^'^^T'l^ai^T''*'' 
r. The manometer tubes are 
ed in a box for safety, and a clamp enables the mer- 

shut off when the instrument is to be moved. 
he temperature ia not being taken the surface of the 
i below the mouth of B, so that both bulbs are open 
losphere and the vertical portion of the manometer 
ipty. When an observation is to be made, the screw 
I mercury reservoir is forced do'WTY, a.'^d tte mwifturj 
I tubea. As soon eis it reactea ^Ve laoM.'OB. qI ■ft,'3aa 
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connection with the atmosphere ia cut off, and when it reacha 
m the air in b will have been forced into v, and the column 
of mercury in the manometer will have risen to indicate llie 
pressure produced. If V and B were at the same temperattu^ 
the mercury in the manometer would stand at the zero msri^ 
thii) indicating the pressure due to the volume of air in B being 
forced into V without change of temperaturej but if v be the 
hotter, siA in practice it always will be, the mercury will eUnd 
higher, the height giving the temperature on the scale. Tia 




mercury must never be forced above m, and immediately after 
reading must be depressed below the mouth of b. The instru- 
ment takes from 20 to 30 seconds to come to rest. VariatioaB 
of the temperature of the air in the small vessel and of the 
barometric pressure will modify the readings, but scalee are 
attached for making the necessary corrections. This form of I 
instrument is not very portable, and is best used in a fixe" 
position. To meet the call for portability, an aneroid fona 
of the instrument, fig. 86, has been designed. This consista oE 
a vessel v and a tube, as before, but to the top of the tube 
18 screwed a circular meta\ case conVa-uan^ ftiftiaBawMov^w??' 
iaf us. At tht* hr**nai ol the caae ia a \BQ&*'ba.^eA- -Bi«uii- H«a^ 
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(the smaller air-vessel), connected with the tube on the 
e side and ^th a capillary tube open to the air on the 
her. This vessel can be pressed quite flat by the arm L, the 
ik s at the same time securely closing the upper capillary 
be, so that the air in V is forced into V, and it recovers its 
nri when the pressure is removed. Connected with the 
ipillary tube is the hollow spring m, which is a pressure- 
luge, and by means of a toothed sector actuates the pointer 
hich indicates the temperature on the dial D. The volume 
: v' can be altered so as to allow for changes in the atmos- 
beric temperatiu-e, by turning the ring g, which raises or 
were the plate b. On the dial is a temperature scale, indicat- 
ig the distance through which the ring must be turned. In 
le outer case is also contained a thermometer, a small aneroid 
arometer, and a scale for correcting for changes in atmospheric 
ressure. 

Frew's Pyrometer. — This instrument (fig. 87) is another 
pplication of the expansion of gases by heat, but the measure- 
lent is made on quite a different principle from that which 
J used in any other instrument. It is intended for measuring 
be temperature of the air supplied to blast-furnaces. The 
rinciple of the instniment is this-: If a current of air be made 
3 flow through a tube, so adjusted that the exit end can just 
eliver all that flows in at the inlet end when both are at the 
ime temperature, if the temperature of the air in the tube 
e raised, the volume will be increased, the exit opening will 
ot be able to deliver the air as rapidly as it enters, and a 
ack pressure will be produced, which can be measured. 

It is essential that air should be supplied at a perfectly 
>n8tant pressure. The blowing- engine of the works will 
ipply blast, but the pressure is so irregular that some method 
f regulating it must be adopted. The form of regulator used 
7 Mr. Frew is very simple and efficient. It forms no essential 
^rt of the pyrometer, as any other efficient regulator might 
5 used. 
The blast from the blowing-engines eivt.eTa\)y \)Ki^ ^v^^ k\\^ 

pipe B, which reaches nearly to the \>o\.U)im o\ XJckfc ^^Xsst 
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cistern c, in which, by means of pipes i> and e, the vater ii 
kept at a constant lo\el In this way a constant head of 
water is obtained and thus a constant pressure is produced 
The pyrometer itself is connected to the tube B by a pi 




It consists of a tube, at one end of which is a coil i^ which is 
inserted in the main, the temperature of which is to be taken, i 
At the entrance to the pyrometer tube is a platinum nozzle X, 
snd a similar nozzle, oi aomewWt W^ot \wtc, Sa -^^aKai it 1 
tie end of the coil and opena into 'Cttft «a. K\saRNis&. v^ ■^ 
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lyrometer tube beyond the first nozzle is a branch pipe N, 
rhich communicates with the pressure-gauge P, containing 
floured water. The nozzles are so arranged that M can readily 
pass the volume of air delivered by K ^vithout increasing the 
pressure in the cistern o above that of the atmosphere when 
both are at the same temperature. If, however, the coil be 
beated, the air expands, the nozzle M is unable to pass the 
extra volume of air without increase of pressure, and any 
such increase is at once indicated on the gauge P, the pres- 
«are being directly proportional to the absolute temperature of 
the gas. 

The apparatus is graduated by experiment. The coil is 
placed in cold water of known temperature, the blast is set 
§[oing, and the height of the column of liquid in the pressure- 
jauge is noted. The coil is then placed in boiling water, the 
leight again noted, the space between the two marks is divided 
ato degrees, and the divisions are carried up the tube as far 
a may be necessary. The instrument thus graduated has 
►een tested at many known temperatures, and has always 
>een found to give concordant results. 

The instrument is probably the best yet devised for taking 
•he temperature of the hot -blast for blast-furnaces. It has 
)een in use in several of the Scotch ironworks for some time, 
ind has given perfect satisfaction. Though designed pri- 
marily for taking the temperature of the hot-blast, it could be 
equally well used for other purposes, provided a continuous 
blast of air at suflBcient pressure could be obtained. 

Vapour-tension Pyrometers. — These depend on the 
pressure exerted by a vapour in presence of its own liquid. 
All liquids give oflF vapour, which exerts a certain pressure 
or tension, the amount of this pressure depending only on 
the temperature. • At a certain temperature the tension of 
the vapour becomes equal to or slightly in excess of the 
pressure of the air, evaporation then takes place very rapidly, 
and the liquid is said to boil. If the pressure be increased, 
the boiling will stop, until the tension ot th^ x^j^oxwc Qi\i^^ 
vore equals the pressure. There is, theiftlot^^ lot ^x^\^ 



268 FUBL AND REFRACTORY MATBRIALB. 

liquid a definite relationship existing between its ya 
tension and the temperature to which it is exposed, and 
this relationship he known, the pressure being determine^ 
the temperature is known also, or vice versa. For instance^ 
if the pressure of the steam in a high -pressure boiler bi 
known, the temperature of the water can be foimd, or, t 
the temperature be known, the pressure can be found. Thi; 
vai)our tension of most liquids is known with considenUs 
accuracy, and modern pressure-gauges can measure the pressing 
with groiit precision, so that this may be a good pyrometrie' 
nnah(Kl. Several instruments based on this principle are qd 
the market, the })Ost known being those of Mr. Murrie, and 
Messrs. SchiifTer and Budenberg, the latter of whom call thdr 
instrument "The Thalpotassimeter ". 

Murrie's Patent Pyrometer. — This instrument depends 
for its action on the measuring of the vapour tension of certain 
liquids, and is constructed in a variety of forms. 

" The most simple form consists of a hollow steel tube of in- 
definite length and very fine bore, one end being bent round and 
slightly eiilai'ged so as to form a bulb, and the other end being 
also enlarged, flattened, and curved so as to form a Bourdon 
tulxi or coil. The extremity of the curved end is connected by 
means of a link to a quadrant fitted in the centre or axis of the 
bend, and the quadrant actuates or is in gear with a toothed 
pinion, to the arbor of which an indicating needle is fitted 
The hollow tube is wholly filled with a liquid, and the enlarged 
end, or bulb, is almost wholly, but not quite, filled with the 
same liquid. In taking indications of temperature, the bulb- 
end is immersed in the heated space. The liquid confined in 
the bulb is partly vaporized, the vapour acting on the surface 
of the liquid, the pressure of the vapour is transmitted to the 
curved end, with the result that the flattened curved end tends 
to straighten itself, and the extent of this straightening iB 
shown by the needle, which indicates on a dial the tempera- 
ture corresponding to the internal pressure. 

'^For very low temperat\irea \\c\jGL\!\m\)To^<5iTv\^\Ja&^c^^ 
ployed, and for higher .teiapeTaA.\xr^^q;vii^ as^^ea^x^a^Tsss^^Ts 
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or mercury. The range of temperature ascertainable 
lis instrument begins at 250° F. below and rises to 2000° 
ie zero. 

I important feature in this instrument is, that the bulb 
m be made of very small bulk, and 

placed in the centre of a furnace, 
e temperature existing at that point 
dned irrespective of the distance of 
dicator or the degree of heat to 
the intervening part is subjected; 
trument could if necessary be placed 
I miles from the furnace. This 
eter is very durable, and does not 
3 adjusting, even after being years 
tinuous use." 

; obvious that the lowest tempera- 
hich can be indicated will be that 
;h the pressure is sufficient to cause 
ige to indicate, and the highest that 
which the pressure would distort 
bure the gauge. As the pressure of 
apours is very low at low tempera- 
ind increases very rapidly at high 
'atures, the range of each instru- 
is somewhat restricted, and great 
lust be taken to select suitable 

for the temperatures at which the 
aent is to be used. 

I Thalpotassimeter. — This in- 
nt is based on the same principle, 
ffers in detail from that of Mr. 

, Fig. 88.— Sch&ffer and Baden- 

berg's Thalpotassimeter. 

imercially three forms of thai- 
meter are in use, three different liquids being used — 

Ether indicating from 92° F. to 250° F. 

Water „ „ 212" „ ^W „ 

Mercury „ „ 650** »» 1400** .> 
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The accuracy of instruments of this type depends enl 
on the accuracy of the pressure registration. What is 
extreme amount of accuracy to which a pressure-gauge can be- 
depended on is a question for the engineer, and the author is 
unable to express a decided opinion upon it. 

The water and ether forms of the instrument are thoroughly 
siitisfactory; as to the mercury form, differences of opinioi 
have )>een expressed, some writers having stated that after a 
time the mercury is apt to escape.^ For temperatures below 
GOO" F. the instniment may ]ye left permanently in place, and 
thenjfore gives continuous readings; })ut for higher temper- 
atures* this ciinnot Iks done, as the tube would soon be de- 
Hti'oyed. It must therefore })e placed in position when a reading 
is to l)e ni.'wle, and the tuln) should be protected by a coating 
of clay, (treat aire must 1^ taken that the instrument is not 
heated al)()ve the maximum point which it is to indicate. 

It will be understood that the readings in these cases are not 
ditiVrcntial, as expansion of the containing tube has no effect 
on the pressure. 

Fusion Pyrometers. — The melting points of all fusible 
sul)Htanccs are fixed and definite, and, once having been 
accurately determined, can be used as a means of estimating 
temperature. The simplest method of using the fusion of 
sul)stiinces in pyrometry is to take a clay dish provided with 
a number of depressions or cavities, in each of which is placed 
a fragment of a substance — usually a metal or alloy — of known 
melting point, care being taken that the melting points hare 
sufficient range to cover the temperatures likely to be met 
with. The dish is placed in the furnace or space the tempera- 
ture of which is to be measured, left long enough to acquire the 
temperature, then withdrawn and examined. Obviously the 
pieces which have melted have lower, and those which have 
not melted have higher melting points than the temperature 
to which they have been exposed; a minimum and maximum 
temperature is thus fixed between which the temi^erature to be 

1 "DittmarPr«iiaieTheru\ome\«t*" J, S.C.I. 
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rermined must lie, and which will usually be a sufficiently 
se approximation for practical purposes. 
For determining the temperature of the hot-blast, the metals 
1 alloys are made into coils of wire, which are introduced 
o the main the temperature of which is to be taken. 
Among the metals and alloys suitable for this purpose the 
lowing may be mentioned, though the selection will obviously 
pend on the temperatures it is required to estimate. 



.U1.J1IXA1JI 

Tin, 


3k 

M.P. 227° C. 


Bismuth, 


>i 


268*' „ 


Lead, 


»» 


325'' „ 


Zinc, 


»» 


415° „ 


Antimony, 


>» 


440° „ 


Silver, " . 


»» 


945° „ 


Copper, 


>» 


1050'' „ 


Gold, 


»» 


1045° „ 



Tunner gives the following : — 

Lead — Silver Alloys. 
9 parts lead, 1 part silver M.P. 400° C. 



8 
7 
6 
5 
4 
3 
2 
1 



•6 



>» 
>f 
>» 
i> 
» 
i> 
»» 
»» 



2 parts silver 
3 
4 
5 
6 
7 
8 
9 

9-4 
10 



»» 
>» 
>> 
» 
>> 
>> 
>» 
>> 



470° 
540° 
610° 
680° 
750° 
818° 
885° 
955° 
980° 



>> 
>» 
»> 
>» 
» 

>» 



Silver — Gold Allots 



»» 



9*5 parts silver, '6 parts gold, 
7 „ 3 

4-5 „ 6-5 

2 „ 8 

10 






M.P. 1030° C. 
1050° „ 
1070° „ 
1090° 
1100 






» 



>» 



Seg^er uses slender clay pyramids, 3 inc\ies \i\^, ^\,^wd\w%^\s. 
Wa / inch wide. The fusibility of these \a gc^.Ax3^\»e.$i., ^\A 
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the temperature marked on them is that at which the point 
}>ends over and touches the surface on which the pjramid 
sUmds. 

Method of Mixtures. — This method has been applied in 
many ways. The principle is that something is heated to the 
temperature which is to be measured; then mixed with some 
other substance in such proportions as to produce a mixture* >. 
the temperature of which can be measured by a mercury ther- 
mometer. 

In most instruments based on this principle the substance 
heated is a ball or cylinder of metal, which is cooled in or 
mixed with water the temperature of which is afterwards 
tiiken by means of a thermometer. 

Ijct W be the weight of the metal ball or other body, S its 
specific heat, T the temperature -to be determined, W the 
weight of the water, t its temperature before the experiment^ 
and t' the temperature of the mixture after the experiment. 

The heat lost by the hot body will be W x S x (T - r)-that 
is, its weight multiplied by its specific heat and by its fall of 
temperature. The heat gained by the water will be its weight 
multiplied hy its gain in temperature — that is, W'x(f-/); 
and if there be no loss of heat these must be equal, so that 

WS(T-O = W'(r-0; 
therefore, 

WS ' 

whence T can be calculated, since all the other values are 
known. 

Instruments based on this principle are sometimes called 
specific-heat pyrometers, because the specific heats of the sub- 
stances mixed must be known, and because the accuracy of the 
method depends on the assumption that the specific heat 
remains constant at the highest temperatures which have to 
be measured, an assumption which is certainly not absolutely 
correct. 
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lens' Pyrometer. — The form of apparatna most com- 
UBed is that of Siemens, fig. 89, which consists of a 
resael made with double walls, to avoid as far as practi- 
Bs of heat This is fitted with a thermometer and a 
opper or iron cylindeni; platinum would, of course, be 
rat is very expenaiva The cylinders are heated to the 
,ture which is to be determined, and 
sferred as quickly as possible to the 
the temperature of which is taken 

delay. 

nethod, in spite of its obvious defects, 
.U recently the most accurate pyro- 
method available, and it is fairly 
mt for some purposes, though too 
ome for ordinary work, 
lot continuous, a special experiment 
jquired for each detennination, and 
ke some time, and require a skilled 
enter to conduct them, and there- 
not be trusted to an ordinary work- 
rhere is always some loss of heat in 
g the ball from the furnace to the 
lowever quickly it may be done, a 
ch it is impossible to estimate, and 
lay vary very much, so that a single 
nation can never be relied on. If a 

temperature is being taken, it is 

fficult to flsh out the ball. The result will always 

be calculated, tables being of little use, as the balls 
ange in weight, and must be weighed before each set 
iments. 

•je's Pyrometer. — This instrument is intended to be 
cases where continuous readings are not required. It 
lification of the Siemens form already described. The 

be heated is in this case a platinum ball, and the 

which it ia to be immersed ia meicvicy- T^i* "^XAwassi. 
seed in the iron tube B, and is aWo^ed. Vi xdi. Xk> 'Oa.^ 
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end A, which is usually perforated, and this is placed in ther^rin! 
space the temperature of which is to be measured. When rk\ 
has been in position about five minutes the stem is tilted uplLvM 
and the ball rolls along the tube into the mercury which iBiSKiiti 
contained in the tube D, the thermometer F, which dips into 



C 



T 




Fie. M.— Munit's P]rn>met«r. 



the mercury, shows the rise of temperature, and from this the 
tem])eraturo of the ball can be calculated. 

Krupp's Pyrometer.^ — This instrument, which is used 
for the determination of the temperature of the hot-blast, is 
biised on the principle of mixtures. The hot -blast is mixed 
with air at the atmospheric temperature in such proportions 
as to reduce the temperature of the mixture so low that it can . 
ho determined with a mercury thermometer. 

The blast enters at A, and is throttled down to a suitable 
pressure, which is indicated by the pressure-gauge P G, and 
rushes through the nozzle F, drawing in cold air through the 
pipe P, the temperature of the inflowing air being registered by 
the thermometer T. The mixture of hot and cold air escapes 
at F, its temperature being indicated by the thermometer t'. 
The formula which gives the required temperature is — 

H = c(F-A) + A, 

where H is the temperature required, 

A is the temperature of the cold air, 
F is the temperature of the mixture, 
c SL constant depending on t\i^ ^t^^svscc^ ol tlkft "blast, 

^ Von Bergen, Journal Iron and Steel InatUHUA^aft*^^"^^-^-"**^* 



ach instrument is graduated by comparison with a standard 

ameter, 

liis instrument is said to be very successfully used at some 

binental ironworks, and is obviously only suitable for taking 



) temperature of a current of hot gas supplied at a sufficient 

jasure. 

Conduction Pyrometers.— Several methods of meaaure- 

jnt of temperature based on the laws of conduction have 

en suggested. The principle used is that of conducting 

■g^ part of the heat, and, when tte tera.'^'ra.'TOSft \'s. waffii- 

ttljr reduced, measumg it by meana ol a ftie.Tmloaia'us^. 
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The method of Jourdes consists in inserting a bar of meiil 
into the furnace the temperature of which is to be measured; 
in the part of this bar projecting beyond the furnace are cap- 
like depressions containing mercury, in each of which a ther- 
inonict^T is placed, and from the temperatures indicated that 
of the furnace is calculated, the law according to which heat 
flows along a metal bar being known. 

Carnelly and Burton's Pyrometer. — A pyrometer 
de|)ending on the heating of a current of water has been su^. 




Fig. 02.— Carnelly and Burton's Pyrometer. 

gcstcd by Carnelly and Burton (fig. 92). The principle Ib 
very simple : a stream of water under a constant pressure flows 
through a coil placed in the space the temperature of which 
is to be determined; it, of course, is heated in its passage to a 
temperature depending on that of the coil and the rate of the 
current; this last being fixed, the temperature to be measured 
is the only variable. The apparatus is simple. The water 
flows from the reservoir under a definite pressure, and its 
temperature is registered by the thermometer T. It passes 
through the tubes to the coil c in the space the temperature 
of which is to be taken, and escapes through the nozzle B, its 
temperature as it leaves being mdioiaX.^^ Vj \Xi^ ^ix^^^-rsskss^^^ 
t: From the two thenaometeT Teadmg^\Xi^\.««v^«^^^^^^'^'^ 



Red heat, 


625 


Cherry-red heat, 


800 


Orange-red heat, 


1100 


White heat, 


1300 


Dazzling white heat, ... 


1500 
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be obtained by reference to a table prepared by experiment for 
each instrument. 

Optical Pyrometers. — Several methods of thermal mea- 
surement have been suggested, dependent on the radiation of 
light from strongly heated bodies. Indeed the rough-and- 
ready method of indicating temperature by its colour is based 
on this principle. We speak of a dull red heat, a red heat, 
or a white heat as indications of temperature. These terms 
are, however, so vague that they are of little real value ; they 
depend entirely on the judgment of the individual, and are 
incapable of verification or measurement. Attempts have 
l>een made to fix definite temperatures corresponding to the 

C. 

>» 
>> 
» 

These numbers are, however, only the very roughest approxi- 
^^^^tions. As the change in colour depends on the nature of 
"tile rays emitted, the spectroscope would give valuable infor- 
mation, and no doubt a scale might be drawn up giving the 
approximate temperature at which particular parts of the 
spectrum made their appearance as the temperature increased. 

Cornu - Le - Chatelier Pyrometer. — This instrument 
(fig. 93) depends on the comparison of the light emitted by 
the substance the temperature of which is required with that 
of a standard lamp, the brightness being taken as the test of 
temperature. It consists of two telescope tubes placed at right 
angles. One of these is for observing the body to be examined; 
the other is for the standard lamp. 

The observing telescope has an objective o, in front of 
which is an adjustable diaphragm or stop, and an eye-piece V. 
The rays from the lamp L are reflected by the mirror M into 
the eye-piece v, so that the two sources of light are observed 
together. As varying colour would interfere >N\\\i \Xi^ ^^%- 
ment oi hidgbtneas, a monochromatic red ^aaa \a ^^e,^^ oN«t 
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L 



the eye-piece. If the obsening telescope be directed towanb 
the object radiating light, the apparatus being so fixed diat 
the imago of a spot in the brightest part of the lamp flame is 
Keen at the same time, two bright spots of light will be seen, 
one of which will probably be brighter than the other. The 

diaphragm or stop is adjusted untii the 
two spots are equally bright, tlie size 
of the opening in the diaphragm is read 
off, and the corresponding temperature 
is obtained from a table. 

The brightness of the spot of li^t 
from the object being tested will de- 
pend on — 1. The temperature which 

is to be measured. 

2. The distance of 
the luminousobjed 

3. The size of the 
opening in the stop. 
The two last can be 
measured, and thus 
the first can be ob- 

FIk. 93.— Ooma-Le-Chatolier Pyrometer. . i -r • -i. 

tamed. It is quite 
o^)viouH that the lamp must be quite constant, and the tables 
must ])e prepared by comparison with a standard pyrometer. 

The temperatures corresponding to the light intensities of 
a particular iiistniment are given below. The ratio wiU 
remain the same in all cases, though the actual temperature 
values will necessarily vary with the unit lights and the con- 
stants of each instrument. 




Intensity. 


x« 


Deg. 


•00008 ... 




600 


•00075 ... 




700 


•00466 ... 




800 


•02 




900 


•078 ... 




1000 


•24 




1100 


'64 




1^00 


1 




— 



iOO \ 



Intensity. 


Temperature. 
Deg. 


1-63 ... 


1300 


3-35 ... 


1400 


€•7 ... 


1500 


12^9 ... 


1600 


22-4 ... 


1700 


39 


1800 


ftQ 


^.^'^^ 


^% 


*MJ^^ 
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If the source of light is not at the standard distance, it must 
le borne in mind that the intensity varies inversely' as the 
quare of the distance. If the light be too intense for oljser- 
'ation, it may be reduced by coloured glasses, the coefficients 
rf absorption of which are known. 

Owing to the influence of distance and the lack of porta- 
3ility, tliis instrument is not likely to come into general use. 
[t may, however, be useful for some purposes, and it may be 
ised to estimate the temperature of small sources of heat, to 
which ordinary pyrometers could not be applied without dis- 
turbing the heat equilibrium too much. It must also be re- 
membered that the intensity of the light depends on the 
oature of the radiating substance as well as on the tempera- 
ture. 

Mesure and Noel's Pyrometer. — This instrument 
depends on the rotation of the plane of a ray of polarized light 
by a plate of quartz. In 
bhe tube of a telescope 
are jfixed two Nicol 
prisms, or other polariz- 
ing apparatus, and be- 
tween these a plate of 
quartz. If the analyser 
A. be placed parallel to the polarizer P, and a bright object, 
illuminated by monochromatic light, be viewed, they will 
We no effect; if they be placed at right angles, they will 
completely extinguish the light, and the field will appear dark. 
If now a plate of quartz Q be put between the Nicols, the field 
will be illuminated, and the analyser will have to be turned 
through an angle to cause extinction of light. This angle will 
be that through which the quartz plate has rotated the plane 
of polarization. This angle depends on the thickness of the 
quartz plate, which is fixed for each instrument, and on the 
'^ave-length of the light, which is a function of the temperature. 
K the light is not monochromatic, then, instead of absolute 
^Tkjiess, a series of colours will appear, and one definite tint 
' ^I^eu as the standard. 




Fig. 94.— Mesare and Noel's Pyrometer. 
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The source of light, the temperature of whicli rBk\A 
mca8ure<l, is viewed through the instrument, the ani^ser k 
rotated till the standard tint appears, the amoimt of rotatioa 
ro<|uirod is read off on the graduated circle, and the tempen* 
ture corresponding is obtained from a table. The results seem 
to 1)0 fairly accurate, and it is, at any rate, a convenient mediod 
of determining the temperature by inspection. 

Neither of the two last-described pyrometers are available 
below a red heat, and therefore they cannot be directly com- 
pired with the mercury thermometer. 

Electric Pyrometers. — Two of these are in use, depending 
on <|uite different electric principles. 

The Siemens Pyrometer. — When an electric current 
is luiule to flow through a conductor, the conductor offers a 
c(>rtjiin resistiince to its passage. This resistance increases ai 
the tenipcnituro rises, the rate of increase varying with different 
coiuluctorH; with platinum, which is almost always used, the 
rcsisUiiice at lOOC^C. is about four times as great as its resist- 
ances at 0\ Thirt increase of resistance is easily measured, and 
if the law connecting it with the increase of temperature be 
known, a pyrometer can be readily based on this principle. 

Tlio j)yronieter will consist of three parts: — 

1. The battery for producing the current. 

2. Th(i j)yronieter proper or coil, the resistance of which is 
to ])e mciisui'cd. 

3. The apparatus for measuring the resistance. 

The ]>attery may be of any form, but should be as constant 
as ix)ssible. As absolute constancy is unattainable, the read* 
ing apparatus must be compensated for small variations in the 
battery powers. 

The pyrometer proper consists of a coil of platinum wire 
wound on a cylinder of some refractory material, which is con- 
tained in an iron tube. Clay was at first used, but it las been 
found that after a time the elements present in the day attack 
the platinumj render it brittle, and aXx^et at deaX.xwj^^Qk\Ndu.ctr 
Jug power. Mr. CaUendar Yiaa svxgge»\«d ^\a.\«6.^\. t^rsw ^>ws^ 
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the best material with which to make the core, as this does not 
cause any deterioration of the platinum,' and also that it should 
be inclosed in a porcelain tube instead of an iron one. 

The apparatus for measuring the resistance is the most com- 
plex part of the instrument, but as it is essentially an instru- 
ment for electrical measurement, full details of it would be 
out of place here; indeed, for those familiar with methods of 
electric measurement they would be superfluous, for others 
they would be useless. The method of determining the resist- 
ance almost always used is that known as the bridge method, 
which consists in adding accurately known resistances to the 
circuit till these are equal to the resistance to be measured. 
As this can be done with very great accuracy, the temperature 
can also be accurately determined. 

The instrument can be made to give readings over any re- 
quired range, and may readily be compared with the mercury 
or any other standard thermometer. The law of the instru- 
ment must, of course, be known, in order to obtain accurate 
readings in degrees. Mr. Callendar states that the increase 
of resistance is nearly proportional to the absolute temperature. 
Readings can be obtained to y^ C. at 1000° C, and it is there- 
fore one of the most delicate pyrometers obtainable. 

Le Chatelier Pyrometer. — This instrument, which was 
invented in 1886 by M. Le Chatelier, and which has been 
introduced and made popular in this country by Prof. Roberts- 
Austen, is based on an entirely different principle. If bars of 
different metals be placed in contact, or soldered together at 
one end, the other ends being connected by a wire, and the 
joined ends be heated, a current will be found to flow through 
the wire. This principle has long been known, and was ap- 
plied in the thermo-pile of Melloni, which has been much used 
in physical research, rods of bismuth and antimony being 
there used. It is quite obvious that, from the low melting 
point, of these metals, this instrument could be of no use as a- 
pyrometer. 

In the Le Chatelier pyrometer, in place ol t\iei«.^ TCL^^aXxc^Sa^ 
^ires oi platinum and of an alloy of platmum. w\\\i \^ ^^"c ^^t>N* 
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of rhodium are used. The junction of these, when heated, 
gives rise to an electric current, depending on the difference 
in temjHsrature between the hot and cold ends, and, as thk 
current can be measured, it gives a means of determining the 
temperature of the junction. It is essential that the relation- 
ship existing between the current and the temperature should 
1x3 accurately known, and many investigators have been at 
woi'k determining it. Dr. Carl Barus, who has thorough!/ 
investigated the matter, comes to the conclusion that the current 
is very nearly, if not exactly, proportional to the absolute 
temperature of the junction. 

As the current to be measured is a feeble one, delicate 
HpiMinitiis is essential, a galvanometer of the reflecting type 
Ixang always used. The junction of the wires, which are either 
twisted together or soldered with gold, and contained in a 
KuiUible protecting case, is placed at the spot the temperature 
of which is to be taken. As the junction gets hot the current 
flows and deflects the galvanometer needle, the position of 
which is rojul hy the spot of light on the scale; or, if a per- 
manent record is required, the spot of light may be made to 
register its movements on a strip of properly sensitized paper. 
This form of pyrometer has come largely into use, and has been 
popularized by the splendid work which Prof. Roberts-Austen 
has done with it. He states that he is satisfied that it is 
accurate to 1° at temperatures over 1000°, and that it can be 
made accurate to ^\j°. 

The instrument is calibrated by determining the currents at 
known temperatures. Prof. Eoberts- Austen gives the following 
as being fixed points sufficiently accurately known for the 
purpose : — 



Boiling point of water, 
Melting point of lead. 


lOO'C. 
326 „ 


„ „ mercury, 

„ „ zinc, ... ... 

„ „ sulphur, 

„ „ aluminAMm, 
BoUing point of seleiiium, 


358 „ 
415 „ 
448 „ 
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Melting point 


ofailver, 


954'* C 




potassium sulphate, 


... 1015 „ 




gold, 


... 1045 „ 




copper, 


... 1054 „ 




palladium, 


... 1500 „ 




platinum, 


... 1775 „ 
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hese two forms of pyrometer are thoroughly reliable in- 
ments, and their introduction has given a vast impetus to 
study of high-temperature phenomena, which will do much 
lolve many important metallurgical problems. They have 

enormous advantage over most other forms of pyrometer 
liat is, that the reading instrument need not be in the im- 
liate neighbourhood of the spot the temperature of which 
eing taken, but may be any distance away. The pyrometers 
mselves may be fixed in furnaces or flues wherever required^ 

all the reading instruments may be in the laboratory. By 
ins of proper shunts one reading instrument may be made 
lo duty for a number of pyrometers, and may be transferred 
in instant from one to another. With the Le Chatelier in- 
iment a photographic record of temperature variations may 
obtained. The junction also may be made so small that 
temperature of small objects or experimental apparatus may 
obtained. 

?hese instruments require a trained and educated man to 
£ after them, and cannot, therefore, be trusted to a work- 
1, and a special room for the reading instruments is 
essary; they are therefore more likely to be used for ex- 
imental work than for routine work, except in very large 
•ks. 

CHAPTER XII. 



CALORIMETRY. 



/alorimetry is the measurement of quantity of heat as 
inguished from thermometry or pyrometry, which is con- 
led only with measurement of temperaluie. 01 t\i^ yclimvy 
' ia which heat measurement is required, \\» \a ov^^ wftR^v 
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sary here to deal with the measurement of heat evolved hj 
combustion, that is, with the determination of the calorifie 
power of fuel. 

Various forms of apparatus have been de\48ed, from the time 
of Count Kumford till to-day, and all, except that of Berthisr, 
dci)cnd on the combustion of a known weight of the fuel in j 
oxygen, and the cooling of the products of combustion in a j 
known weight of water. Some of the forms of apparatoi 
have lH5en designed only for extremely accurate work in the 
research la1)oratory, whilst others are intended for practical 
pur]>oses. 

Berth ier's Process. — This method stands alone in prin- 
ciple. It is l)ased on the assumption that the heating power 
of a fuel is proiwrtional to the amount of oxygen with which - 
it c<)ni]>incs, an 2issumption which, as already pointed out^ is 
not correct, l^rthier thus describes his process:^ — 

"Mix intimately one part by weight of the substance in the 
fiiicHt p()88i})lo state of division with at least 20, but not more 
than 1 0, parts of litharge. Charcoal, coke, or coal may be readily 
j)ulv(j!'ize(l, but in the case of wood the saw-dust produced by a 
fiii(5 ruHp must be employed. The mixture is put into a close* 
f^raiued conical clay crucible, and covered with 20 or 30 times 
its weight of pure litharge. The crucible, which should not be 
more than half-full, is then covered and heated gradually, until 
the litharge is melted and the evolution of gas has ceased. 
When the fusion is complete, the crucible should be heated 
more strongly for about ten minutes, so that the reduced lead 
may thoroughly subside and collect into one button at the 
})ottom. Care must be taken to prevent the reduction of any 
of the litharge by the gases of the furnace. The crucible while 
hot should be taken out of the fire and left to cool, and when 
cold it is broken, the button of lead detached, cleaned, and 
weighed." 

Forchammer recommends the use of a mixture of 3 parts 
litharge and 1 part lead chloride as being more fusible and not 
corroding the crucible so m\ic\i. 






CALORIMETRT. 285 

Rumford's Calorimeter. — This is one of the very early 
iorms of apparatus, and with it Rumford did good work. It is 
af historical interest, and being simple will serve to illustrate 
the principle on which all instruments for the purpose must be 
based. 

It consisted of a vessel of thin sheet-copper, 8 inches long, 
4J inches broad, and 4f inches deep, which was filled with 
water, and in it were three horizontal coils of a flat copper 
pipe, 1 inch broad and 1 J inches thick; one end, passing through 
bhe bottom of the box, had attached to it a copper funnel, and 
bhe other end projected above the water in the box. The 
substance to be tested was burned under and within the funnel, 
bhe products of combustion, passing through the coils, heated 
the water, and the rise of temperature gave the amount of heat 
absorbed by the water. The data required for the calculation 
are— F the weight of the fuel consumed, W the weight of 
vater, C the weight of copper in the instrument, S specific 
heat of copper, T initial temperature of the water, T' final 
temperature of water, H the heat evolved by the combustion 
of one unit weight of substance : then 

FH = (W + CS)(r-T) 

. fT_(W + CS)(r-T) 
.. ^ ^ 

Berthelot's Apparatus. — This form of apparatus, which 
bas been much used in recent work, consists of a cylindrical 
Vessel of hard glass about 400 c.c. capacity, provided with two 
necks, one for the admission of oxygen and the other for the 
introduction of the substance to be burned. From the bottom 
rf the vessel a glass spiral tube is made to wind, by which the 
gaseous products of combustion pass away. The apparatus is 
Placed in 1000 c.c. of water contained in a platinum vessel. 
This vessel is supported on pieces of cork in an outer vessel of 
silver, which is itself contained in a double- walled vessel of 
ron, the space between the walls of which is filled with water. 

A small platinum crucible hung by a wire eoxv^i^ivRs tVia 1\5aI^ 
ud this 18 lighted either by a small piece ol a\ov^ xaaXiO^ ot^rj 



dropping down a small piece of hot cbarcoal. The prodadi 
of comlrtiBtion passing away heat the water, and the result i> 
calculated exactly as above. 

Thomson's Calorimeter. — This inatrament is intended 
for technical work, for which purpose it is admirably suited, 
and it has now come into general use. The fuel is not buTDed 







in oxygen, but in a mixture of potaesium chlorate and nitrate 
which readily gives up its oxygen. 

It consists of a glass vessel graduated to contain 2000 
gnimmes of water, a copper cylinder E capable of holding ife 
mixture of 2 grammes of fuel, with the necessary amouot of 
fusion mixture; a copper base, on which the cylinder can be 
placed, and a copper cylinder G, with a row of holes round the 
bottom, to be placed over it. This cylinder is held in plaw 
by a set of springs on the base, and is also provided wit! > 
tube which reaches above the surface of the water, and which 
is fitted with a stop-cock. 

Two grammes of the fuel will require from 20 to 24 grammes 
of the fusion mixture.' The mixture is put into the cylinder, 



' l*e best /uaion miitm-e \% % puU cMots\* 
tAo /(tsl gbould IM quite arj. The rto-w loM* 
■r/cfriuaiolutloiiDf leadntUatsso&arilDS- 



.iVvitt.iiltK.tDillHi)' 
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tapped down, and placed on the base; a piece of slow match 

is put on the top and lighted; the cover G is quickly placed 

over it, and the whole is quickly put into the jar of water, 

combustion takes place, and the products of combustion 

pass up through the water and escape with a dense white 

smoke. Combustion once started should proceed vigorously 

and should be complete in about two minutes; the stop-cock 

is then opened so as to admit water into the interior of the 

cylinder. This is raised quickly up and down once or twice 

80 as to thoroughly mix the water, and the temperature is 

read with the thermometer J. The temperature having been 

taken before the experiment, the rise of temperature in F. 

degrees x 1000 gives the number of B.T.U. absorbed by the 

water. 

There are various sources of loss — heat of decomposition of 
the fusion mixture, heat absorbed in wanning the apparatus, 
and heat lost by radiation. To compensate for the last-named 
■ loss a blank experiment is first made, and then a second experi- 
nient, the water being cooled before starting about as much 
below the atmospheric temperature as it will be above it after. 
To allow for other sources of loss an addition of 10 per cent is 
niade, which is said by the makers of the instrument to cover 
them. 

The glass vessel is usually also graduated to contain 1932 
grammes of water, and if that quantity be used, the reading 
gives at once the evaporative power of the fuel. 

Temperature after experiment, ... ... ... 61 *5 

„ before experiment, ... ... ... 47*5 



14-0 
+ 10 per cent, 1*4 



15-4x1000 = 15400 



The quantity of combustion mixture required will vary with 
the nature of the fuel being treated, and charcoal, coke, or 
Bimihr fuels should be burnt in a shorter aivi \^\&et ^o.^^^^: 
"furnace ". 



288 rUKL AND REFRACTORT UATEKIALS. 

W. Thomson's Oxygen Calorimeter. — In this ap- 
pAratus the fuel Ib burned in oxygen. The apparatus consiBte 
of a glass jar a capable of holding 2000 c.a, or any other con- 
venient known freight of water, a platinum crucible g in wbicb 
the fuel is burned, and which rests on a clay cylinder; a beJJ- 
glasa / which covers tie cniciWe 
and contains the atmosphere of 
oxygen in which the comburtion 
takes place. It is provided tX 
the top with a neck, throng 
which passes a glass tube i, b; 
which the oxygen enters; it ii 
provided with a stop-cock i, and 
can be raised or lowered a§ re- 
quired. It rests on a perforated 
base, and is surrounded by a 
series of rings of wire-gauze to 
break up the ascending current 
of gas. A thermometer i and a 
stirrer j are suspended in the 
outer vessel of water. 

It is necessary to ascertain 
the heat capacity of the if 
paratus^that is, the amount of 
extra water to which the abaorp- 
tive power of the apparatus ii 
equal,— which can be done once 

■"--"■■- "■■ fordl. 

Two tbonsand grammes of water, at about 25° F. above the 
temperature of the air, is poured into the apparatus, and the 
whole is well mixed. The water is left about the time which 
will bo occupied by an experiment, and the amount by which 
the temperature is lowered gives the data for calculating 
absorptive power of the apparatus sufficiently nearly iw 
practical purposes. 
Thus, to take an example- 
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Temperature of room, and therefore of the calori-\ g .o t^ 
meter before water is added, ... ... J 

Temperature of water, 95°,, 

Temperature after experiment, ... 94°,, 

Therefore the fall of 2000 grammes of water 1° has raised 
the temperature of the calorimeter 11°, and the heat capacity of 

the apparatus is =181*8 c.c. of water. 

This weight must therefore be added to the amount of 
water used and the 2000 grammes calculated as 2182 grammes. 

To make a determination. 

About 2 to 5 grammes of the powdered fuel is carefully 
weighed and placed in the crucible, a short piece of slow match 
or an ignited vesta is placed on it, and the bell-glass is in- 
verted over it. The whole is gently lowered into the water 
and the oxygen is turned on, the delivery-tube being pushed 
down to near the fuel if necessary. Combustion at once begins. 
When combustion is over, the oxygen apparatus is discon- 
nected and the stop-cock is opened so as to admit water, the 
bell-glass is moved up and down vigorously to ensure perfect 
mixture, and the temperature is taken. 

Suppose 10 grammes of fuel were taken, and the rise of 

temperature of the water was 9°. Then since the 2000 

grammes of water is equivalent to 2182 grammes, taking into 

account the absorptive power of the apparatus, the calorific 

power is 

9x2182 



10 



= 1963-8. 



This apparatus gives excellent results. 

The Berthelot-Mahler Calorimeter. — This is another 
excellent form of apparatus, and is described by Mr. B. 11. 
Thwaite in a paper read before the Iron and Steel Institute in 
1892.1 

The combustion chamber B is of mild steel. It is 8 mm. 

i journal, vol. i., 1892, p. 189, et wq. 
(MB62) T. 



thick, and has a capacity of almut 654 c.c. It is enamelled^ 
inside nnd nickol-plated outside, and is provided with a 
in which is u valvu foi- tho admiasion of oxygen. Wires al 
pass ihroTigh the cover, by which a short coil of iron can 1»^ 
heated to ignito the fuel, which ia contained in a platinum 
crucible or capsule C. The whole is contained in a vessel oS 
water D, provided with a spiral agitator s, and this again is 
placed in an outer vessel of water a. 

The fuel is weighed and lowered iiito the toniliustion 




chamber; the igniting wire is weighed and adjusted, and t 
top is screwed down. Oxygen is allowed to enter from the ^ 
cylinder o till the pressure on the gauge M indicates 25 atmos- 
pheres. The temperature of the water is noted, an electric 
eurreiit is passed from the battery p, and combuation takes 
place instantly. The temperature of the water is taken at 1 
once, and at interi-als until the maximum is reached, then 
observations are continued at intervals for another five minute 
the stirrer being kept going all the time. 

Aiter the observations are completed the combustion v 

or "bomb" is washed out, and any nitric acid present is dete 

mined ro/umetrically. 

It is necessary to dctemi'mc iVo tortttiAotv Awe \si 'Coa>i 



^y-^ 
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of heat from the calorimeter during the test. The Iobs can be 
ralculated by noting the rate at which the temperature rises 
to a mmn'miitn and then falla. The addition necessary to the 
observed rise is not large.* 
Then if A = the rise of temperature corrected, 

W - the weight of water in the calorimeter, 
W = th6 water equivalent of the apparatus, which 
must be determined by 
experiment, 
n = the weight of nitric acid, 

HNOj. 
/= the weight of the spiral of 
iron wire, 
■23 = heat of formation of 1 
gramme of dilute nitric 
acid, 
16 = heat of combustion of 1 
gramme of iron, 
X = thecalorific power required, 
a; - A(W +- W) - (0-23 n + 1 -6 /). 



Carpenter's Calorimeter. — This 
is one of the most recent forms of calori- 
meter. It is 80 arranged that the instru- 
ment itself acts as a thermometer, the 
heating power of the fuel to be tested 
being measured by the expansion of the 
liquid to which the heat of combustion is 
imparted. 

The fuel is burned in a central combus 
tion chamber, and the products of com- 
bustion circulate through the spiral copper 
tube, and when cooled escape into the air. 
combustion chamber and cooling tube is a 
the top of which is attached an open graduated glass tube. 
The top ot the water vessel is fitted wit\i a, 4\ai^\H*^, -v'ssisfc. 

'Fortariherpaticaiin. see Thwalte, J. I. otoL S. l,,\«ftA-'^^- 




98^— CiirE>eDl«T'i Calari. 



Surrounding the 
vessel of water, to 



892 FUEL AND RBFRACTORT MATERIALS. 

can be raised or lowered so as to bring the level of the water 
in the graduated tube to the zero-mark. The fuel is weighed, 
placed in the combustion chamber, through which a stream d 
oxygen is passing, and is fired by an electric current. Com- 
bustion takes place rapidly, the heat is taken up by the water, 
which expands and rises in the graduated tube, the height 
which it reaches indicating the amount of heat evolved The 
tube is graduated experimentally by burning known weights 
of pure carbon, which is assumed to have a calorific power of 
14500 B.T.U. 

Calorimeters for Fuel Gas. — The Thomson oxygen | 
calorimeter may be used for fuel gas, so can the Berthelot^ 
Mahler form. In the latter the bomb is filled with gas before 
the oxygen is introduced, the pressure of oxygen required for 
coal-gas being about 5 atmospheres, and for producer-gas about 
1-5 atmospheres. 

Junker's Calorimeter. — This is the latest and best calori- 
meter for taking the calorific power of gases. The gas is 
burned for a definite time, the amount consumed being mea- 
sured by means of a meter, and a stream of water is kept 
flowing steadily through the apparatus, the rise of temperature 
of which supplies the necessary data for calculating the 
calorific power. 

"A flame, 28, is introduced into a combustion chamber, 
formed by an annular copper vessel, the annular space being 
traversed by a number of copper tubes, 30. The heated gases 
circulate inside the tubes from the top to the bottom, whilst 
the current of water travels outside the tubes in the opposite 
direction, all the heat produced by the flame being thus trans- 
ferred to the water, the spent gases escaping at the atmospheric 
temperature. The pressure of the water is kept constant by 
two overflows, 3 and 20, and the quantity of water is regu- 
lated by the stop-cock, ^. A baffle-plate, 14, at the lower end 
of the apparatus, secures an even distribution of the water. 
The water can be passed tlarow^ \\v^ Xivj^i^, "IV^ \»Xi^ ^jw xs^fta*- 
sured receptacle. To prevent \oaa \iy y^^x^Xagw ^^ ^y^-^w^^^*^ 
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ii incloBed in a nickel-plated cylinder. In addition to the 
CBlorimeter a meter capable of passing -^j; c. ft for one revolu- 
tion of the pointer, a 
water supply giving 1 to 
3 litres per minute, and 
two measure-gloBsea con- 
taining respectively 2 
litres and 100 co. are 
required. The quantity G , 
of gas burned should be 
regulated so as to give 
out about 1000 to 1500 
calories per hour (4000 to 
6000 B.T.U.), this is for 
illuminating gas i to 
8 cubic feet, or producer- 
gas 16 to 32 cubic feet." 

The gas is lighted, the 
thermometer placed in 
position, and the water 
turned on. The tem- 
perature rises, and 
mercury soon 
stationary. As soon as 
the temperature is steady, 
the hot -water tube is 
shifted over the large 
measure - glass. As the 
water flows, the tempera- 
ture indicated by tbe 
thermometer is noted 
from time to time. As 
soon as 2 litres of water 
have passed, the gas is 
turned oS, and the quantity of gas which has piiased is read. 
The following is an example given by the makers of the in- 
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Meter Reading. 


Cold-water 
Thermometer. 


Hot-water 
Thermometer. 


Water. 


«/ l/«lv«l ••• ••• ••• 

5*344 eft, 

Mean, 


8-77 
8-77 


26-76 
26-76 
26-82 
26-80 
26-76 
26-80 


2 litres. 


8-77 


26-77 


2 litres. 



If H = calorific power of one cubic foot of gas, 
W = quantity of water heated, in litres, 
T = difference in temperature between the hot and cold 

water, 
C = cubic feet of gas burned, 

WT 

or in the case given, 






xj 2x 18 
•344 



= 104-65. 



The quantity of water condensed should also be measured, 
as its latent heat must be deducted where the temperature of 
the products of combustion will, as in most cases, remain at 
a temperature above 100° C. The condensed water is drawn 
off by 35 into a measure-glass. In this case there was 53 c.c. 
of water. The latent heat of each c.c. may be taken as '64, 
so that the latent heat of the condensed water would be 



•64 X 53 



= 16-96, 



which must be deducted from the value obtained above, leav- 
ing 87*69 calories as the calorific power. 

Comparison of Calculated and Determined Results. 
— For various reasons the resvAta (iaXcviXaXftA. i^^tcL tJ^a various 
formulse are not exactly correet, t\ift Nvwcuv\>\wv\ifc\\v^ 
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One way and sometimes the other. The following comparisons 
naade by various workers will be of interest : — 



Experiments of Berthier. 









Lbs. of Water 




Lbs. of Lead 


Lbs. of Water 


Heated from 




reduced by 


Heated from 


0° C. to 100% 




1 lb. of Coal. 


or to 100°. 


calculated from 
CompositioD. 


Coking coal, Dowlais, 


31-8 


720 




Newcastle coal, 


30-9 


70-0 


71-5 


Rive de Gier, Grand Croix, 


29-6 


67-0 


78 


(Jannel coal, Wigan, 


28-3 


64-1 


76 


Rochbelle, near Calais, ... 


27-6 


62-5 


79-7 


Epinai, S^ne et Loire, ... 


26-8 


«0-7 


72-8 


Cherry coal, Derbyshirer, ... 


27-2 


61-6 




v-zOKe, ... ... ... 


28-5 


65-6 




Gas coke, 


22-2 


60-3 




Anthracite, 


31-6 


71-5 


72-8 


jj ' ••• ••• ••• 


30-5 


69-1 


75-6 



Comparison of heating power of coal determined by W. 
Thomson's calorimeter, with that calculated from the chemical 
composition : — 



Goal 



Nixon's Navigation, 

Thakerley, 

Tyldesley, 

Upper I)rutngar 1, . 

» » A • 

»» It **» • 
Bickershaw, 

Pemberton 6-ft., 

Crombourke, 

Wigan4-ft., 

Bickershaw 7-f t., . . . . 

Pendleton 4-ft., 



c. 


units. 


B. T. U. 




Exp. 


Calculated. 


Exp. 


Calculated. 


Exp. diff . % 


8340 


8459 


15012 


15146 


1-4- 


6448 


6972 


11600 


12549 


7-5- 


7069 


7430 


12724 


13374 


4-8- 


6384 


7493 


13291 


13587 


1-4- 


7954 


7166 


13517 


13898 


2-9- 


7533 


7443 


13559 


13397 


1-7 + 


7465 


7778 


13437 


14808 


4-0- 


7242 


7267 


13035 


13080 


•3- 


7456 


6778 


13420 


12200 


10 + 


7552 


7549 


13593 


13592 




7417 


7176 


13351 


12916 


3-2 + 


7736 


7819 


14926 


16074 


1-6- 



Greatest, 
Greatest, 
Average, 



- 7-5% 
+ 10% 
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Experiments of Prof. Lewes. 



Fuel., 


Evaporative Power. 


Per Cent. 


Actual. 


Calculated. 


Coal, Nottingham cannel, 

Yorkshire Silkstone, 

Coke, cannel, 

Gas coke, 

Tars (steam-injected), 

Creosote, 


8-78 
10-01 

9-91 
11-15 
12-71 
13-36 


12-27 
14-24 
12-23 
13-83 
15-06 
16-78 


71-56 

70-30 

81-03 

80-62 

84-4 

79-66 



CHAPTER XIII. 



UTILIZATION OF FUEL. 

Mechanical Equivalent of Heat. — Fuel is always 
burnt for the purpose of performing some useful work, very 
frequently for conversion into energy. A given amount of 
heat is equivalent to a given amount of mechanical energy, 
and the efficiency of any machine will be the proportion of 
this energy which is utilized or usefully employed. The 
mechanical equivalent gives the maximum amount of heat 
which it would be possible to obtain if there were no loss. A 
unit of heat is equivalent to 772 foot-pounds, so that the 
energy given out by one pound of water cooling through 1°F. 
would raise 772 pounds through a height of one foot if it 
could all be converted into useful work. 

First Law of Thermo-dynamics. — This may be thus 
stated: "Heat and mechanical energy are mutually convertible, 
and heat requires for its production, or produces by its dis- 
appearance, mechanical energy in the proportion of 772 foot- 
pounds for each unit of heat".^ 

Knowing the amount of heat which is evolved by the com- 
bustion of a fuel, it is quite possible for us to calculate the 

1 Anderson, Coiwersion <nf HeoA. iwXa WwV. 
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amount of energy it will give. Thus carbon, with its C. P. 
of 14,500, would give for each pound consumed 11,204,000 
foot-pounds of energy. 

An expenditure of energy at the rate of 33,000 foot-pounds 
per minute is called a horse-power, and the work done in one 
hour when working at the rate of one horse-power will there- 
fore be 1,980,000 units, which is called a horse-power-hour. 
It will be seen, therefore, that the combustion of one pound 
of carbon gives energy equivalent to about 5*6 horse-power- 
hours. From this statement it will be easy to realize the 
enormous amount of latent energy which is stored up in fuel. 

In practice, for various reasons, the whole of this energy can 
never be realized. 

Second Law of Thermo-dynamics. — This law, which 
is of equal importance with the first, may be enunciated : "It 
is impossible to transform any part of the heat of a body into 
mechanical work, except by allowing heat to pass from that 
body to another at a lower temperature". 

Conversion of Heat into Work. — Heat is converted 
into work by means of machines of various kinds, in which 
the heat is "allowed to flow from a hot body to a cold one, and 
to do work as it flows. In general there are two classes of 
prime-movers in use, with both of which the metallurgist may 
have to deal. They are steam-engines and gas-engines. Both 
are essentially heat engines, but they differ in the way the 
heat is obtained and employed. 

The Steam Boiler. — In a steam-engine the first stage is 
to convey the heat of the fuel to steam, and this is done by 
means of a boiler. This is not a case of doing mechanical 
work, except in so far as the expansion of the steam may do 
work, but is merely the transference of the potential energy 
of the fuel into potential energy in the steam through the 
medium of combustion, a transference which can never be 
effected without great loss. 

The sources of loss which render it impoaa\\Ae \.o towN^^ ^ 
the beat into the steam are many : — 
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1. The furnace gases must escape at a sufficiently high 
temperature to create a draught, and as each pound of fuel 
re(|uires about 25 lbs. of air for its combustion, this must 
always })e very considerable. Assuming the temperature to 
be 400" F., which will be much lower than usual, and the 
specific heat of the gases to average '25, this will amount to 
25 X 400 X '25 = 2500 units for each pound of coal consumed, 
or, say roughly, 20 per cent. 

2. Loss of heat by transmission into the walls and by radia- 
tion may be guarded against, but can never be actually pre- 
vented. 

3. There is always loss by ashes falling hot from the fire- 
Iwirs, ashes containing carbon, &c. 

4. Evaporation of water in the fuel, though hardly being a 
loHs due to the transference of the heat to the boiler, but rather 
a diminution of the heating power of the fuel, is often very 
c(>nsidera])lo. 

5. There may also bo loss due to the formation of smoke, 
and to imperfect combustion, unburned combustible gases 
escaping with the products of combustion. 

In order that a ])oiler may be efficient it is necessary that 
combustion should be complete, and that the flame should be 
luminous so as to radiate heat to the flues or tubes. 

The examples of tests of boilers on p. 299 will show the 
measurements that are necessary, and the results which can 
be obtained.^ 

The Steam-engine. — This is a machine for converting 
the energy in the steam obtained from the combustion of the 
fuel into work. It usually consists of a cylinder in which a 
piston is fitted steam-tight, but so that it can move freely 
backwards and forwards. Steam is almost always admitted 
alternately at each end of the cylinder, so that a reciprocating 
motion is imparted to the piston which can be converted into 
the circular motion usually required by any suitable mechanism. 

The potential energy of the fuel has been transferred in part 

1 G. C. Thomaon, Pro. I. ql B. wnA^> ^ S.»^sa&. 
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1. 


2. 


3. 


BOILBR, . . 


1 Lancashire, 


1 Galloway, 


Babcock and 




7x26 feet. 


7x28 feet. 


Wilcox Tubulous. 


Heating surface, 


570 sq. ft. 


905 sq. ft. 


2756 sq. ft. 


Fire-grate area, 


34-66 


321 


45 


Steam pressure average, Iba 


35-75 


621 


54 


Temp.of f eed- water,averagi 


^ 135-2°F. 


48-9" F. 


126° 


Feed-water per hour, lbs., 


3554-5 


6202 


11604 


Name of coal, 


1 Elamocktrip- 
! P"« 


Greenfield 
dross 


Daldowie trip- 
ping 


Condition, 


dry and clean 


small and nut 




Fuel analysis 1 ^^^^^ - 


45-78 
54-22 


47-34 
52-66 


46-25 

68-75 


„ „ ultimate, C, .. 


65-05 


60-22 


65 


Xl, ... 


4-49 


4-40 


4-38 


0, .. 


10-78 


9-29 


8-34 


N,.. 


1-78 


1-96 


1-61 


S, .. 


•54 


•75 


•81 


ash, 


9-70 


13-18 


9-72 


moisture 


7-66 


10-20 


10-14 


Fuel, specific gravity, 


1-250 


1-293 


1-304 


Fuel used per hour, lbs., . . 


694-4 


918-4 


2132-85 


Percent of ashesand clinker 


9-67 


13-62 


7-70 


Thickness of fire, 


6-8 inches. 


8 inches. 


15 inches. 


Fuel burned per sq. ft. of 
grate surface per hour. 


20-03 


28-61 


47-39 


Temp, of gases^ 


407° F. 


633° F. 


839° F. 


Speed of air entering, feet i 


! 531 


744 


798 


permin., ... i 








Carbon monoxide in gases, 








Ratio of air used to theo- 
retical quantity. 


! 1-69 : 1 

1 


1-65 : 1 


1-75 : 1 



Heat Bxpenditore. 



/ 



Utilized in heating water. 

Loss by gases, 

Loss by imperfect com- ) 
bustion, ... ( 

Loss by moisture in fuel, 
Loss unaccounted for, . .. 

Calorific power, B.T.U., 

Practical heating power. 
Theoretical heating power, 
Per cent used, , 



B.T.U. Per Cent. 



5448 
5326 



46-16 
44-36 



94 
1024 



•79 
8-67 



11802 99-98 

6-92 
11-66 
59-4 



B.T.U. Per Cent. 



7823 
1901 



70-77 
17-19 



135 
1145 



1-22 
10-36 



11053 99-98 

6-22 
10-96 



B.T.U. Percent. 



5873 
3358 



50-03 
28-01 



144 
2363 



1-22 
20-13 



11738 100 



\ 



7-26 
11-84 



\ 
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to the steam, and by the steam-engine part of the energy can 
be reconverted into work. 

In actual practice the consumption of steam varies from 13 
lbs. i>er H.P. hour, in the best triple-expansion condensing 
engines, to 60 lbs. in small simple non-condensing engines. 
It is axsy to see the many sources of loss by which the reali- 
ziition of anything like the full value of the steam energy is 
prevented without going into details of the methods of work- 
ing. As we have seen, the efficiency of boilers is rarely much 
more than 60%, and taking the efficiency of an engine as 16%, 
the combined efficiency obtained from the fuel will be only 
•6 X -16 = -096 = 9-6%. 

Amount of Fuel used per H.P. — One pound of coal, as 
has been shown, may have a calorific power of say 12000 B.T.U., 
which is e<iuivalent to 9264000 foot-pounds,* which is equiva- 
lent to about 4*5 H.P. hours; i,e, the combustion of one pound 
of fuel should give a power of 4 '5 H.P. for one hour. 

The following examples given by Mr. J. W. HalV Nos. 6 
to 9 being quoted from Prof. Unwin, will show how far this is 
actually ol)tiiined : — 



1. High-i)reH8iire non-condensing engine; 100 \ 

11)8. preHHure; 50 H.P. nominal, / 

2. High-pressure non-condensing engine ; 1201 

ll)s. pressure; 40 H.P. nominal, / 

3. Triple - compound non- condensing engine;! 

180 lbs. pressure ; 30 H.P. nominal, / 

4. Compound condensing engine ; 100 lbs. 

pressure ; 30 H.P. nominal, 

5. Triple -expansion condensing engine; 160 1 

ll>s. pressure ; 20 H.P. nominal, / 

6. 7 Indicated H.P., 

7. 10 

8. 50 

9. 200 



} 



»» 



>» 



»» 



»» 



»» 



»» 



Steam per 
I. H.P. hoar. 



32 
24 
20 
18 
14 



Coal per 
I. HP. hoar. 



4-27 
3-20 
2-66 
2-46 

1-86 

8 

H 
2f 

2 



Gas-engines. — The gas-engine is another means of con- 
verting the potential energy oi iu^V m\^ ^^KfcvsawL ^wer^y. In 

'P. 5. Staff, InaUtttUoiIi<»aiidaw«il^OTTtt^&MM»wa%,^^v^^^ 



UTILIZATION OP FUEL. 301 

this machine a piston and cylinder are provided, hut instead of 
admitting steam hehind the piston, a mixture of gas and air 
is admitted, which heing exploded forces the piston forward. 

In the Otto engine the impetus due to the explosion is given 
only every fourth stroke. The Otto cycle consisting of four 
stages : — 

1. The piston makes a forward stroke and draws in a supply 
of gas and air through a valve in the rear of the cylinder. 
At the end of the stroke the valve closes, and 

2. The piston makes a return stroke, and compresses the 
air and gas into a chamber at the rear end of the cylinder. 

3. The explosive mixture, consisting of gas and air, and the 
residue of the products of combustion of the previous stroke, 
is ignited, very rapid combustion rather than explosion takes 
place, and is barely complete before the piston reaches the 
end of its second forward stroke. The heated gases expand, 
giving out work, and accelerate the motion of the moving 
parts. When the end of the stroke is nearly reached the 
exhaust-valve is opened, and 

4. The piston in its second return stroke partially drives out 
the products, and restores everything to the condition it was 
at the beginning of the cycle. 

It will be seen that here the energy of the fuel is used 
directly, without the intervention of *the wasteful boiler, and 
as the temperature of the burning mixture is very high, the 
conditions are favourable for the utilization of a large amount 
of energy. The temperature of the cylinder, however, becomes 
very high, and has to be cooled by a water-jacket, the water 
from which carries away from 30% to 50% of the heat. 

Any combustible gas may be used. Coal-gas is usually used ; 
but good producer-gas, provided it be free from tarry matters, 
answers equally well, gas made in the Dowson producers being 
very often used. 

That gas-engines are much more economical than steam- 
engines is shown by the following ta\Aei oi ^\i^w^'s» ^<^^\&^ 
ri'th Dowson gas : — 
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Type of Engine. 


H.P. 


Fuel per H. P. Hour 
ini>oiind& 


CroeBlev. 


199 

210 

170 
52-25 
16-7 

100-6 


1-23 

1-00 

1-4 

1-67 

106 

1-0 




»f 


»» • 

Otto, 


Atkinson. 


TaneyeL 


■^ """oJ " 





Blast-furnace Gas In Gas-engines. — ^Washed blasts 
furnace gaa can readily be used in gas-engines, as it is quite 
free from tarry matter, and is quite as good as most producer- 
gas ; and ixs in all ironworks there is more gas than is required 
for ordinary purposes, even with the wasteful method of using 
riti the })oiIer and steam-engine, it would seem that a useful 
outlet could be found for the energy in some manufacturing 
opcnitions. 

Oil-engines. — In the Priestman engine, which is the best 
known of these, the Otto cycle is used, but instead of gas a fine 
spiay of petroleum or other oil, -780 to -812 sp. gr., and having 
a flash-point not less than 75°, is forced in by means of com- 
pressed air. The waste heat is used in vaporizing the oil. 

The consumption of oil is about 'S lb. per indicated horse- 
power per hour. 



CHAPTER XIV. 



TESTING FUELS. 

Fuels to be Tested. — The fuels to be tested in the labor- 
atory are coal, coke, oils, and gaseous fuels. A mere chemical 
analysis is not what is usually required, but an examination 
such as will enable an idea to be formed as to the actual value 
of the fuel for the purposes for which it is to be used. 
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PROXIMATE ANALYSIS OP COAL. 

Moisture. — A sample of the coal is powdered, about 20 
grains (2 grammes) weighed out into a watch-glass, heated for 
one hour in the steam oven, and the loss is put down as 
moisture. 

Coke. — ^This estimation may be made in several ways, 
according to the taste of the worker. 

1. A hundred grains (10 grammes) of the coal is powdered 
and placed in a porcelain crucible provided with a cover. This 
is put inside a clay crucible, surrounded with charcoal, a cover 
put on the outer crucible, and the whole heated to strong red- 
ness in any ordinary furnace for about half an hour. 

2. About five hundred grains (50 grammes) of the powdered 
coal is placed in a clay crucible, a lid put on and securely luted, 
and it is then strongly heated for half an hour in a furnace. 

3. About twenty grains (2 grammes) of the powdered coal 
is placed in a covered platinum crucible, and heated over a 
Bunsen burner till gas ceases to burn at the lid; the heat is 
then increased for a few minutes by means of the foot blow- 
pipe, the crucible is let cool and weighed. 

In any case the loss of weight is moisture and volatile 
matter, and the residue is coke. 

The coke should be carefully examined to ascertain its hard- 
ness, brittleness, &c., of which a judgment can readily be formed. 

Methods 1 or 2 are to be preferred, but method 3 is useful 
in chemical laboratories where a wind-furnace is not available. 

Ash. — Here again either of two methods may be used. 

1. Weigh out about fifty grains (5 grammes) of the finely- 
powdered coal, put it in a platinum dish, or on a clay roasting 
dish, put the dish in a laboratory muffle — one without slits, or 
the draught may be too violent — and allow it to burn until 
all trace of carbon has disappeared, stirring from time to 
time with a thick platinum wire mounted on a glass handle. 
Remove the dish from the muffle, let cool, brush the ash into 
a watch-glass and weigh it. 
2. Take twenty grains (2 grammes') ol \Xie lu^, ^\iX» \^> ^^^^ 
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a platinum crucible, put this in an inclined position on a tri- 
angle, with the lid leaning against the top of the crucible, so 
as to send a current of air into the crucible ; heat at first ve^ 
cautiously, and with frequent stirring till all gas is expelled, 
then continue the heating till all carbonaceous matter has dis- 
appeared, then cool and weigh. ' 
If the coal is strongly caking it will usually be best to ! 
powder up the coke, take a weighed portion, bum it to deter- j 
mine the ash, and then calculate the amount of ash in the 
original coal. 

Sulphur. — This element^ as already mentioned, exists in 
ccMil in at least two forms, as pyrites and as calcium sulphate, 
the former })eing considered to be the most deleterious. 

1. Mix about 2 grammes of the powdered coal with 2 
grammes of pure magnesia and 1 gramme of pure sodium 
carbonate, put the mixture into a dish or crucible and heat, 
cither in a muffle (without slits) or over a Bunsen burner, tiD 
iill carbonaceous matter has disappeared; then let cool, brush ( 
the white mass into a beaker and dissolve it in dilute hydro- 
chloric acid ; filter, and wash, heat the filtrate to boiling, add 
solution of barium chloride, boil up, let settle, filter, wash, dry, 
ignite, and weigh the barium sulphate. 

The weight of the barium sulphate x '1373 will give the 
weight of sulphur. 

I*ure lime may be substituted for the mixture of magnesia 
and potassium carbonate. 

In either case the reagents should be tested for sulphur 
before they are used, and where great accuracy is required a 
spirit-lamp must be substituted for the gas. 

2. Weigh 20 grains (2 grammes) of the coal and mix it 
thoroughly with 50 grains (5 grammes) of pure potassium 
nitrate. Put 80 grains (8 grammes) of a mixture of potassium 
and sodium carbonates into a platinum or nickel crucible and 
heat to fusion. Add the mixture of coal and nitre in small 
portions at a time till all is added, then keep in a state of fusion 

/or about five minutes, liet cocA. T^^sscAn^ \\v ^^\»^x^ ^avdifY 
with Ajdrochloric add*, e^agcn».t<Q \« ^T^xkeiaa. '\:^^^AK5^^^ff>{^ 
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hydrochloric acid. Filter, and in the filtrate precipitate the 
sulphuric acid with harium chloride as above. Great care 
must be taken that the gas does not come in contact with any 
portion of the fusion mixture, or sulphur will be taken up. 
The first method is much to be preferred. 

Sulphur as Calcium Sulphate. — Weigh about 50 grains 
(5 grammes) of the coal, and boil for about half an hour with a 
20-per-cent solution of pure sodium carbonate; filter. Acidify 
the filtrate with hydrochloric acid, and precipitate the sulphur 
as barium sulphate. 

Chlorine. — Mix 20 grains (2 grammes) of finely-powdered 
coal with about 200 grains (20 grammes) of pure lime free from 
chlorine, and bum in a muffle at as low a temperature as 
possible tin the carbonaceous matter is all destroyed; let cool. 
Dissolve in pure dilute nitric acid. Filter, heat to boiling, and 
add a little silver nitrate solution. Filter, wash, dry, ignite, 
and weigh the silver chloride. The weight of the silver 
chloride x -24729 will give the amount of chlorine. 

Specific Gravity. — This may be determined either by 
direct weighing or by means of the specific-gravity bottle, the 
former being the preferable method. 

1. Direct Weighing, — Remove the ordinary pan from the 
balance, attach the specific-gravity pan, and balance it. Take 
the piece of coal, which should weigh about 200-400 grains, 
attach it by a horse-hair or a piece of the finest platinum wire 
to the hook at the bottom of the pan, so that it hangs in a 
convenient position, and weigh it. ITiis gives W, the weight 
of the sample in air. Fill a beaker of convenient size with 
water which has been recently boiled and allowed to cool, and 
which should be as nearly as possible at 60° F. (15*5° C). Put 
this under the balance-pan, so that the coal is immersed. Care- 
fully remove any adherent air-bubbles by means of a camel's- 
hair brush, and weigh again. This will give W, the weight in 
water, and the specific gravity will be — 

g_ W 20 _ 20 _..^ 

(M252) AS 
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2. The Bottle Method, — ^The specific-gravity bottle is a smal Ik 
flask, graduated so as to contain a known weight of water when |r^ 
quite full. The stopper is perforated so as to allow of the escape 
of excess of water without leaving an air-bubble. Most bottles 
are graduated to contain 50 grammes or 500 grains at 60° F.; 
])ut iKjfore use each bottle should be carefully tested. Dry the 
])ottle thoroughly and weigh it. Fill it up with recently 
]x)iled pure water, at about 60"* F. ; wipe the outside quite 
dry and weigh it again. The increase of weight will be the 
contents of the bottle. 

Hroak the coal up into pieces which will go into the neck of 
the flask^ and weigh about 10 grammes. Transfer the weighed 
SJiHiplc to the bottle; shake well so as to ensure removal of 
air-l)uljblos, or, better, put the bottle into a partially-exhausted 
receiver, or let soak for twelve hours. Then fill up the bottle 
with water, dry the outside, and weigh again. If W = weight 
of coal, 13 = weight of the bottle -f- water, B' = weight of the 
iKjttle + water + sample; then W -h B - B' will be the weight of 

W 

the water displaced, and ^ — ^ — :g; will be the specific gravity. 

Coke. — The determinations required for the valuation of 
coke are almost identically the same as those required for coal. 
The (letcrniiiKitioii of volatile matter may usually be omitted, as 
coke should lose nothing on heating. Very frequently, however, 
if tlio coke 1)0 powdered and heated in a crucible a quantity of ; 
volatile matter is expelled, and if the quantity is more than ' 
a trace it decreases the value of the fuel for blast-furnace use, i 

as it is not burnt in the furnace but escapes with the gases. 

I 

Porosity of Coke. — The relative amount of coke matter 
and spaces is often of importance. 

A piece of coke is selected, weighing about 40 grammes. 
This is dried in an air-bath and weighed. It is then put into 
a beaker of water, and this is gently boiled for some hours. 
The beaker is then allowed to cool, placed under the receiver 
of an air-pump and the air exkawaX^d^ ^\^ beixL^ repeated . 
several times. The sample la v^ev^^^ m^ •«ssss^'^ 
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from the water, superfluous moisture wiped off, and it is 
weighed in air as quickly as possible. 

The weights obtained are — 

W = weight of dry coke. 

W = weight of dry coke in water. 

W" = weight of coke saturated with water in water. 

W" = weight of coke saturated with water in air. 

W 
Apparent specific gravity of coke = ^^ — :~. 

True - ^ 

Percentage of pores = 5^-^^^^,^^^^^ — . 

The results obtained are only approximate. 

An approximation may also be obtained by determining the 
apparent specific gravity of the coke by weighing in air and 
water = S. 

Then determining the specific gravity of a finely-powdered 
sample of the coke in the specific-gravity bottle, which will 
give nearly the real specific gravity = S'. 

From which the relative space occupied by the pores can be 
calculated. 

Space occupied by 1 gramme of coke = ~. 
Space occupied by 1 gramme of solid coke = ^-. 

/. Space occupied by pores = - - _, 

111 
or percentage of the total = r^ : ^J - ^ : : 100 : ?i. 

1 1 



.•.(i-i)lOOxS. 



Liquid Fuels. 

Specific Gravity, — This is very easily obtained by means of 
the specific-gravity bottle, which is filled w\t\i Wv^ \\^\A ^\A 
weighed; or by means of hydrometers, wl[iic\v a.T^ \»\i\i^^ ^SiOft. 
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a graduated stem, loaded with mercury, the specific gravity 
being indicated by the depth to which they sink in the liquid. 

The Flashing Point, — This can only be accurately determined 
by means of apparatus specially devised for the purpose. It 
may, however, be approximately determined as follows : — 

" Pour some of the liquid into a beaker (2 ins. x 2 ins.) to 
within about half an inch from the top; then cover with a disc 
of asl)estos, through which a thermometer passes to within 
a quarter of an inch from the bottom of the beaker. The 
beaker, &c., is now put into a sand-bath, and surrounded with 
sand to the level of the liquid. A small flame is then applied 
under the bath, and the temperature allowed to rise about 2® 
a minute. After each rise of 1** the asbestos disc is turned to 
one side, and a small flame is quickly put into the vapour. The 
temperature at which it ignites is taken as the flash-point."^ 

Calorific Power. — This is most easily determined by means 
of Thomson's calorimeter, as previously described. 

Ultimate Analysis. — The determination of carbon, hy- 
drogen, oxygen, and nitrogen can only be made satisfactorily 
by a trained chemist provided with suitable apparatus, and 
the methods used are those of ordinary organic analysis with 
which all chemists are familiar. 

Gaseous Fuels. — An analysis of gaseous fuels can also 
only be satisfactorily made by a chemist by the ordinary 
methods of gas analysis. It is therefore needless to describe 
them here. 

Carbon -dioxide in Furnace Gases and Gaseous 
Fuels. — This determination is of great importance, and an 
apparatus has recently been introduced by G. Craig by which 
it can be determined with great readiness. It consists of two 
meters filled with oil passing about "15 c.f. per revolution. 
The gas is passed into the first, then through an absorbing 
vessel containing soda-lime, and then through the second meter. 
The first meter gives the total gas, the second the gas after 
removal of the carbon -dioxide. It can readily be applied to 
any form of gas.^ 

1 Phillips, Fuels, 17. * Sexton, J. W. o^ S. I, aTtid, S, l.,-*Q\.^&LVK>5Sifc^,^,^i5®^ 
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CHAPTEE XV. 

REFRACTORY MATERIALS— BRICKS— CRUCIBLES. 

Refractory Materials. — The materials used for building 
furnaces, making crucibles, and similar purposes must be very 
refractory. A large number of refractory substances are 
found in nature, but comparatively few are of much use in 
metallurgy. Those that are used may be classified into 
groups, according to their chemical behaviour. 

1. Acid Substances, — Those which, from the presence of a 
considerable quantity of silica, will combine readily with basic 
oxides. Among these may be mentioned: Dinas rock, flint, 
sandstones, ganister, sand, and nearly all fire-clays. 

2. Neutral Substances. — Those in which the acid and basic-con- 
stituents are so balanced that the substance neither combines 
with silica nor with basic oxides, or in which the substance 
itself is neither acid nor basic. The only important members 
of this group are graphite and chromite (chrome iron ore). 
Some fire-clays might be regarded as being neutral in com- 
position, but almost all those used in practice are acid, and if 
measured by affinity for bases they are probably all best con- 
sidered as acid substances. 

3. Basic Substances. — Those in which the silica is absent, or 
at any rate present in such small quantity that the basic 
power of the basic-oxides is predominant. Among these may be 
mentioned lime, dolomite or magnesium limestone, and mag- 
nesite. As a rule they resist the action of metallic oxides, 
but are readily attacked by silica at high temperatures. 

Fire-stones. — Many refractory rocks, usually rich in silica, 
for example, quartzites, and sandstones, such as millstone-grit, 
liave been used in furnace construction, and refractory sand- 
stones are now often used for the bottom of the hearth of blast- 
furnaces. The objections to the use of most of these materials 
are their liahility to crack when heated, aivd \\i^ d\ffiic»ik^ <^1 
Forking them into the required shapes. ^WVvew ws^^ nS^^'^ 
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should be built in in the same position as that in whicli they 
occur, i.e. with the lines of bedding horizontal. 

Clay. — Clay has now become the almost universal material 
for furnace and other building, mainly on account of the ease 
with which it can be moulded into forms convenient f cruse. 

Clay is a hydrated silicate of alumina, and in its purest 
form constitutes the kaolin or white china clay used in the 
mamifacture of pottery. This material is perfectly white, 
has a soapy feel, adheres slightly to the tongue, has the 
characteristic clay odour, and is infusible at ordinary furnace 
temperatures. Its composition is about — Alumina, 39 '7 per 
cent; silica, 46*4 per cent; water, 13*9 per cent; whicli corre- 
8j)()nds to the formula, Alg Sig Oy, 2 Hg 0, or Alg Og, 2 Si Oj, 
2H,0. 

Clay appears quite dry, the water present being in combina- 
tion, ])ut if more water be added it becomes plastic, and can 
1)0 moulded into any required form. On drying it loses the 
additional hygroscopic water and with it its plasticity, but 
can be made plastic again by the addition of water. If, how- . 
ever, it be heated to redness, the water of constitution is 
expelled, and a hard mass (or biscuit) is left, which, though 
very i)orou8 and capable of absorbing a considerable quantity 
of water, cannot be made plastic again. 

Origin of Clay. — Clay is formed by the atmospheric 
decomposition of various rocks, but no doubt chiefly felspar. 
Common felspar (orthoclase) has the composition KgOAUOg, 
6 Si Og. When this is subjected for a long time to the action 
of air, moisture, and carbonic acid, it is broken down into a 
soft mass of china clay, all the potash and two-thirds of the 
silica being removed in solution, and water being taken up. 

If the rock were a pure felspar, a pure kaolin would result, 

but pure felspars do not often occur; and if the rock contained 

other materials which resisted decomposition more strongly, 

these would remain with the kaolin. If, for instance, the rock 

were a granite, both silica and ixi\<ia ^ovjXd \^\aa.\ss. \x\ixftd with 

the clay. 
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Clays found in the position of the rocks from which they 
are formed, such as these pure kaolins, are comparatively rdre. 
The light material produced by the decomposition of the rock 
is washed down into the sea, carried out by currents, and 
ultimately deposited somewhere on the ocean bed, necessarily 
becoming more or less mixed with impurities in the process, 
and producing therefore different varieties of clay. 

Clays belong to all geological periods. Some of the more 
recent ones are soft and plastic; those of greater age have 
usually lost their hygroscopic water, and therefore appear 
solid and dry, but can be made plastic by the addition of more 
water; whilst others, older still, have been subjected to the 
action of great pressure and perhaps heat, and have passed 
into the condition of hard clay-slate, have lost their water of 
combination, and therefore the power of becoming plastic. 

Nearly all the clays that are used for metallurgical pur- 
poses occur in the coal-measures, where they often underlie 
the coal. This, not because equally good clays do not occur 
in other places, but because it is in the neighbourhood of the 
coal-fields that metallurgical industries are usually carried on, 
and therefore that the clays are required. 

Carboniferous clays are usually dark-coloured, often black, 
from the presence of organic matter. They have a talcky 
lustre and a soapy feel, adhere strongly to the tongue, have 
a hardness of about 1 '5, and therefore can be scratched readily 
with the nail. They can be easily powdered, and on mixing 
with water yield a stiff plastic mass. This power of becoming 
plastic with water is the characteristic of a clay. When these 
clays are fired they become white, the organic matter being 
completely burned away. 

Fire-clays. — Pure kaolin is very difficultly fusible, the 
silica and alumina being present almost exactly in proportions 
which give great infusibility, but the presence of impurities, 
even in very small quantities, may increase the fusibility very 
much. Those clays which are free from such impurities, and 
therefore can be used for making fire-bricks or other articles 
which have to stand a high temperal\xre, ax^ c-^^ftc ^^^-Osa:^'^.* 
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Almost all fire-clays contain more silica than pure kaolin, 
and therefore may be considered as siliceous or acid clays. 
8tourl>ridge clay, for instance, contains about 63 per cent of 
silica. As a typical analysis of Stourbridge clay the following 
figures may be taken : — 



l3UlGa^ at* ••• ••• ••• 

Alumina^ ... 

Ferrous oxide, 

Moisture and organic matter, ... 



63-30 

23-30 

•73 

1-80 

10*30 

99-43 



Calculating out the percentage of pure clay from these figures 
the analysis would become — 

Clay. Al,0»28iO„2H,0, 68-90 

Silica in excess of that in clay, 36*10 

Impurities, 2*63 

Water in excess of that in the clay and organic matter, ... 1*90 

99*48 

Excess of silica in a fire-clay is not very objectionable in 
most cases, though it decreases the refractoriness of the clay, 
the most fusible mixture containing the oxides in the propor- 
tion 1 Al, 0., : 17 Si Og to about 86*2 % of Si Og, but it should 
not he present in such a large quantity as to impair the plas- 
ticity. 

Examples of Fire-clays. — The analyses on p. 313 will 
servo to illustrate the composition of fire-clays. 

Impurities in Fire-clay. — There are several impurities 
almost always present, as will be seen from the analyses, and 
some of these have a deleterious effect on the refractoriness of 
the clay. 

Alkalies. — These are always present, though sometimes they 
are not determined and therefore are not shown in the analyses; 
but as a rule an analysis of a clay that does not give the alka- 
lies 18 worse than useless. Bivelus^ atates that 1 per cent of 

1 J. I. ond s. I.. l«Ib, \v. i&. ^\^. 
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1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


Silica, 


55-61 

27-50 

1-91 

•32 

•79 

•81 

•33 

3-34 

9-96 
212 


56-42 

26-35 

1-33 

•60 

-55 

•48 

1-15 

10-95 
2-80 J 


58-00 

30-85 

1-65 

-80 

9-70 


62-35 
18-47 

4-77 

trace 

1-36 

2-47 

1-10 

5-22 ■ 
4-15 


44-37 

38-59 

1-82 

-51 

-30 

11-78 
2-69 


65-10 

22-22 

1-92 

•14 

-18 

•18 

•58 

- 
7-10 

2-18> 


48-04 

34-47 

306 

-66 

-46 

1-94 

11-16 


48-99 

3211 

2-34 

•43 

-22 

3-31 

9-63 
2-33 


Alumina, 

Oxide of iron,.. 
Tiinrift, 


Magnenia, 

Potash, 


Soda, 


Titanic acid,... 

Organic mat- ) 
terorlossin > 
calcinate,... \ 

Combined ! 
water, ) 

Moisture, 


99-69 


100-63 




99-89 


99-99 









1, Etherley (Riley). 2, Glenboig (Riley). 3, French Normandy, best (Greiner). 
4, Derbyshire (Riley). 5, Garnkirk (Wallace). 6, Stourbridge, used for glass pots 
CPercy). 7, Stannington (Percy). 8, Poole, used for Cornish crucibles (Percy). 

alkalies renders a clay too fusible to be used for purposes 
where high temperatures are required. There is, however, no 
doubt that many fire-clays in actual use contain more than 
this, and sometimes considerably so. 

Lime and Magnesia. — These also have a fluxing efi*ect, and 
should not be present in large quantity; it is, however, impos- 
sible to fix an actual limit. 

Oxide of Iron. — The behaviour of oxide of iron is some- 
what peculiar. Undoubtedly the less oxide of iron present the 
better, since it can do no good. It will be seen that some of 
the clays given in the table contain a very considerable quan- 
tity of oxide of iron. Snelus says that it may be present up 
to 2 or 3 per cent without afibcting the fusibility of the bricks 
in a very serious degree, provided that only a small amount of 
alkalies is present. 

The differences in the statements that have been made as to 
the effect of iron on the refractoriness of fire-clays have pro- 
bably arisen from the fact, that it varies with the form in which 
the iron is present and the conditions under which the brick ia 
to be used. If the iron be diffused tlaro\ig\i\\ift c\a.^ \w^'^\«t:^ 
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of oxide, it will impart a reddish colour to the brick when it is 
Ininied. Such a brick, provided the amount of- iron be not too 
large, may be very refractory if heated in an oxidizing atmos- 
phere, ])ecause ferric oxide (Fe^ O3) and silica do not combine, 
l)ut if it be heiited in a reducing atmosphere the ferric oxide 
will 1k5 reduced to ferrous oxide, which will combine with the 
silica and form fusible ferrous silicate, thus destroying the 
lirick. Such a ])rick therefore would be quite useless for lining 
a l)la«t-furnace, ])Ut might stand well in a reverberatory roast- 
ing furnace. The iron may, however, be present in the form 
of niiinite specks of pyrites scattered through the clay; its 
a(*ti()n will then be different, and either more or less injurious 
according to the purpose for which the brick is to be used. 
When the Ijrick is fired the sulphur of the pyrites bums out 
thus, Fe S.^ + 5 = Fe + 2 S O2, the ferrous oxide at once com- 
bines with some of the silica^ forming ferrous silicate, which 
l)cirig liquid is at once absorbed by the brick; thus, where the 
Hpeck of i)yrites was a small hole is left, surrounded by a black 
stain of ferrous silicate. The ferrous silicate present in this 
form does not seem to seriously impair the fire-resisting power 
of the l)rick. 

Alumina. — If in large quantity this gives the clay great 
pliisticity, and a soapy feel, and makes it shrink very much on 
(hying and firing, but such bricks afterwards undergo little 
change by heating or cooling. Alumina itself is very highly 
refractory. 

Titanic Oxide, Ti Og, is very frequently present in clay, but 
does not seem to have any injurious effect. 

Combined Effect of Impurities. — Bischof measures 
the refractoriness of a clay by what he calls the refractory 
quotient, which he obtains by dividing the quotient of the 
oxygen of the fluxes into that of the alumina by the quotient 
of the oxygen of the alumina into that of the silica, i.e. 

O in AI2 Os _^ Oin^Si_92 
OinR O • OinAlida* 

In Biscbofs standard fire-cAaya t\iei c.oe«\fc\«oJ^ Vs. \^*^^ \sv 
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the most refractory and 1*64 in the least refractory.^ The 
amountof fluxing impurities, Le, RO oxides, must not exceed 6%. 

Ganister. — With the introduction of the Bessemer process 
it became necessary to find a very refractory substance with 
which to line converters, and ganister was the material selected, 
and it is still very largely used. The ganister is an argillaceous 
sandstone occurring in the carboniferous series of various parts 
of the country, the best known being that which occurs near 
Sheffield, and is known as Lowood's Sheffield ganister. The 
following analyses will show its nature : — 



Silica, , 

Alumina, 

Oxide of iron, 

Lime, 

Magnesia, 

Alkalies, 

Water, or loss on calcination, 



1. 



98-94 
•57 
•67 
•62 
•21 

•42 



101^143 



2. 



89-37 

6-36 

1-73 

•70 

-36 

2-88 



101-40 



3. 



88-36 

7-00 

2-00 

•22 

•15 

2-32 



100-05 



4. 


6. 


97-78 


89-04 


•20 


5-44 


•21 


2-65 


•38 


•31 


-44 


-17 


•26 




•73 


2-30 


100-00 


99-91 



1, Hard (Riley). 2, Soft (RUey). 3, Lowood (Snelus). 4, Scotch, Bonnymuir. 
6, Lowood. 

The nature of such a material is easily seen. Assuming the 
formula for clay already given, analysis 5 works out — 

Silica (in excess of that in clay), ... 81*28 

Clay, 15-30 

Impurities, 3-13 

Moisture, &c., -20 

99-91 

It is therefore a siliceous material with just enough clay to 
make it bind, and when fired it yields a strong brick. Ganister 
bricks, owing to their very refractory nature and their much 
greater strength than silica bricks, are very largely used. 

Ganister is properly the name of a special rock, but any 
similar material is called by the same name, and some ganister 
bricks are made of a mixture of a more siliceous material and 
clajr, 

^See Holman and Demond, " Refractorineaa ol ¥Vtft-c\«s%" , J .A..l.U.a.^"Kk\H , 
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Siliceous Materials. — Materials containing more silica 
are used for the manufacture of silica bricks and other pur- 
ix)scs. When used for brick-makings they must be mixed witt 
some l)inding material, as they have no cohesive power of 
themselves. Among the materials used may be mentioned 
Diiias rock, calcined flints, white sand, &c. White sand is used 
for the final layer in lining the Siemens steel furnaces, and less 
refractory sands containing iron are used for the under layers. 

SiLICEOUH RbFRACTORT 'MATERIALS. 



Silica, 

Alumina, 

Oxidu of iron, 

Lime, 

AlkalioH, 

Water, 



1. 


2. 


S. 


4. 


98^31 


96-78 


9313 


96-7 


•72 


1-39 


430 


1-3 


•18 


•48 


•29 


•22 


•19 


— 




•14 


•20 


•74 




•35 


•50 


1^55 


2-0 



1 aud 2, Dinas rock (W. Weston). 8, Sand for Siemens furnaces. 4. White saad. 

Neutral Refractory Materials. 

Graphite. — Graphite is almost pure carbon; it is one of 
the few substiinces that have never been fused. It is black in 
colour with a metallic lustre; its hardness is about 1, it marks 
paper readily, and burns at a high temperature leaving a residue 
of ash. It is not plastic, and the powder does not adhere even 
on strong firing, so that if it is to be used for making crucibles, 
it must be mixed with clay or similar materials. Being quite 
neutral, it is sometimes used as a separating layer between the 
acid and basic portions of basic open-hearth furnaces. 

Analysis of Graphitks. 



Volatile matter, 

Carbon, 

Ash, 

Specific gravity. 



1. 


• 

2. 


3. 


4. 


6. 


I'lO 


1-82 


5-10 


•158 


" -7 


91-55 


78-48 


79-40 


99-792 


66-4 


7-35 


19-70 


15-50 


-050 


32-9 


2-3455 


2-2863 


2-3501 


2-2671 





1, Cumberland; 2, Canada; 8, CeyVon ^tVveft© axe \i^ liLetife, v^Q\fc^Vt«av^^x<st\« 
^, Ceylon (Ferguson). 6, Austrian. 
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Carbon in the form of gas-retort carbon is sometimes used 
for crucibles, &c. 

Chromite. — This material, which is a double oxide of iron 
and chromium, having the formula Crg O3 Fe 0, has often been 
suggested as a neutral lining for steel and other furnaces where 
the lining is required to stand a very high temperature. Nor- 
wegian chromite, which has been principally used, occurs with 
a gangue of serpentine, and this mixture is excessively in- 
fusible. The chrome ore has also been made- into bricks by 
crushing, mixing with lime, and firing. The following analyses 
are of good chromite. There should be more than 40% of 
chromic oxide, and less than 6% of silica. Chromite is not 
acted on by siliceous fluxes. 



Chromic oxide, 
Ferrous oxide, 

Alumina, 

Magnesia, 

Lime, 

Silica, 



1. 


2. 


51-23 


62-20 


36-63 


28-10 


3-17 


2-60 


3-79 


1-10 


5-10 


3-07 


1-87 


2-60 



Basic Materials. — The introduction of the basic Bessemer 
and basic open-hearth steel processes led to a demand for basic 
materials, which could be used for lining furnaces or for mak- 
ing into bricks, and several such substances are now in use. 

Lime. — Lime (CaO) is an extremely refractory substance, 
never having been fused or even softened, and, of course, it is 
basic; but there have been difficulties in using it which have 
prevented it coming largely into use, though it was the first 
material to be suggested for lining basic converters. The ob- 
jections to it are that it is extremely difficult to get it to bind, 
a small quantity of silica not having the same fritting efibct 
with it that it has with some other basic materials. It is used 
to some extent for lining basic converters, as, though inferior 
to dolomite for the purpose, it is much. c\v^^^«t. 
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Magnesian Limestone. — ^The suitability of this material 
for lining Iwisic Bessemer converters was discovered by Messrs. 
Thomas and Gilchrist, and at once made the process now 
known 1)y their names a success. The material occurs in the 
ti'iiw beds of the north of England, and is usually, though im- 
projHjrly, called dolomite. Dolomite is a definite mineral, Ca 
C().p Mg CO.), containing the carbonates of lime and magnesia 
in no-iirly ecpiivalent proi)ortions. The magnesian limestone is 
of uncertiiin composition, containing varying proportions of 
the two car])onates with a small and varying quantity of 
silica, which is essential to it for this purpose. 

The following analyses of dolomite used for basic linings will 
1)0 sufficient to indicate its character: — 



liiiiie, 

Muf^u'siti, 

Silini, 

Aluiniiiik, 

()xi<lo of iron,... 
CjirlM)!! dioxide,. 
Water, 



1. 


2. 
29-86 


8. 


4. 


5. 


31-62 


28-3 


28-0 


28-0 


20-19 


20-17 


18-6 


170 


170 


1-70 


4-34 


4-10 


3-80 


2-08 


•09 
1-22 




3-00 \ 
1-70/ 


4-00 


2-67 


46-35 


46-64 1 


44-2 


45-00 


45-00 











1 and 2, Wuddin^, Uxmlltieti not ftivcn. 3, Vairgey, France, i, Bessdges, France. 
r>, Horde, (iennany. 3, 4, and 5, by Zyromski. 

The nujre magnesia a dolomite contains the better. Zyromski 
believes that, other things being equal, the best dolomite for 
open-hearth furnaces should contain over 20% of magnesia. 
Such a dolomite agglomerates well, hardens rapidly, and is 
still very refractory. The calcination is more complete and 
easier, the nearer a total of 4% is reached for ferric oxide and 
alumina. 

Magnesite. — This is probably the most valuable of all the 
basic materials. When calcined at a very high temperature 
it loses carbon dioxide, and the residue left is absolutely in- 
fusible at furnace temperatures; it is usually dark brown from 
the presence of oxide oi iron-, \t a.g^^csm^T^^X.^'e. ^«^ IxttAa^ far 
Jess than dolomite, and t\ioug\i ii©^ftaaa.T\\^ N^T^\i^\^/^\»^^^ 
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not combine with silica when the two are heated in contact, so 
that when it is used in a steel furnace, the basic lining and 
acid walls may come in contact without danger. The only 
objection to magnesite is its expense, there being but few 
localities where it occurs. The best known, and probably the 
best for Bessemer converters, is the Styrian (especially that of 
Veitsch), which is sold by Messrs. C. Spaeter & Co., Coblenz. 
Furnaces lined with this material are far more durable than 
those lined with dolomite. 

The following analyses will show the nature of the 
material : — 





1. 


2. 


3. 


Lime, ... 


1-50 


1-68 


1-72 


Magnesia, 






47-00 


42-43 


44-06 


Silica, 






•50 


•92 


1-93 


Iron oxide 
AliiTnina, 






t 


4-30 


3-56 
•31 


Carbon dioxide, 
Water, 






51 


50-41 


48-02 



1, Eubcea, Greece. 2, Mittendorf, Styria. (1 and 2, by Zyroraski.) 

3, Veitsch, Styria. 

Bauxite. — This abundant mineral is a hydrated double 
oxide of iron and alumina in very varying proportions — • 
X Alg O3, y Fcg O3, 3 Hg 0, the quantity of iron being small in 
bauxite, but increasing as the mineral passes gradually into 
aluminous iron ore, in which the iron is present in large 
quantity. It is usually yellow in colour, owing to the pre- 
sence of oxide of iron, though pure white varieties occur 
which are almost free from iron. Bauxite for brick-making 
should contain but little iron or silica. A sample said to be 
suitable for brick-making contained — Alumina, 90 per cent; 
titanic acid, 5 per cent; silica, 2 per cent; oxide of iron, 1 per 
cent; lime, 1*5 to 2 per cent. 

Other Refractory Materials. 

Bull-dog. — This is a mixture of ferric oxide and silica 
made by roasting tap cinder with, iree a.ccCi^'e* oi ^vt, '^'s?^ 
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cinder is a basic silicate of iron — 2 Fe O, Si Og, or thereabouts — 
and on roasting it takes up oxygen, and gives a mixture of 
ferric oxide and silica. As these do not unite, the substance 
is infusible in an oxidizing atmosphere, but fuses in a reduc- 
ing atmosphere, ferrous silicate being re-formed. 

Iron Ores. — Some of these, especially haematite (FegOg), 
magnetite {¥e^ O^), burnt ore and Blue Billy (artificial Feg Og), 
are occasionally used for furnace linings. 

Fire-bricks. — These are bricks uised for furnace construc- 
tion or other purposes where a high temperature is required. 
They may ])o made of any of the refractory materials de- 
scribed. 

The (|ualities required in good fire-bricks are as follows : — 

" They should not melt or soften in a sensible degree by 
exposure to intense heat long and uninterruptedly continued 

*^ They should resist sudden and great extremes of tempera- 
ture. 

"They should support considerable pressure at high tem- 
})erature8 without crumbling. 

** They may be required to withstand as far as practicable 
the corrosive action of slags rich in protoxide of iron or other 
metHlIic oxides."^ 

These qualities are not all shown in the highest degree by 
any one brick. In selecting a brick, therefore, attention must 
always be given to the conditions in which it will be placed, 
for one which would be good under one set of conditions may 
prove very bad under another. 

Fire-clay Bricks. — These are the most generally used of 
all the refractory bricks. They are refractory enough for 
most purposes, and the plasticity of the clay allows of their 
being easily made of any required form or size. 

Fire-bricks should be nearly white in colour, any tinge 
of red indicating an excess of iron; and should be as free as 
possible from small holes surrounded by black spots, though 
for most purposes these do not aeem to be very injurious. 

1 Petc^, FwXi p. "i.^. 
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Fire-clay bricks shrink very much on drying and firing. 
At St. Helen's, "for a 9x4Jx2|-inch brick the mould is 
9f X 4:f X 3^ inches. For Glenboig clay a shrinkage of y^ is 
allowed; that is, the mould for a 9-inch brick is made 9f inches 
long".i 

Each clay has its own rate of contraction, which can only be 
learned by experience. Though clay bricks shrink so much 
in the firing, once finished they alter very little with changes 
of temperature. The more ahuninous bricks seem to expand 
and contract less than the more siliceous, and therefore such 
bricks as Glenboig bricks are largely used for regenerators 
and other positions where change of form would lead to incon- 
venience. 

Manufacture of Fire-clay Bricks. — The methods for 
the manufacture of fire-bricks are the same in principle, but 
differ in detail in different works. 

The following is an outline of the process as conducted in a 
large Scotch fire-brick works : — 

The clay as raised from the mine is perfectly dry, and is at 
once put into a mill, where it is ground to a coarse powder. 
It then passes through a sieve, any not sufficiently finely 
ground being returned to the mill. After this dry grinding, 
the powder is transferred to a pug-mill, and is thoroughly 
incorporated with the necessary amount of water to give it 
the required consistency. If large slabs are to be made, some 
ground burned clay is added, but this is not necessary for 
ordinary-sized bricks. The paste is raised by an elevator to a 
higher floor, where it is distributed by barrows to shoots, 
by which it passes down to the work benches. On each bench 
is fixed a plate to form the bottom of the brick mould. This 
is covered with felt, through which projects the brass die to 
form the name or other mark on the brick. On this plate is 
placed a rectangular bronze mould, the size required for the 
bricks being made. The workman cuts a piece of the stiff 
clay off the mass descending on to the bench from the shoot 
above, puts it into the mould, presses it firmly down, cuts off 

1 SneluB. 
(U 262) V 
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excess of clay from the top hy means of a smoothing-board, 
and the ]K)y in attendance at once carries the brick away, and 
seta it on edge on the drying-floor. A workman and boy can 
make alnnit 2000 bricks a day hy this process. 

The drying-floor is of iron, heated by fireplaces and circu- 
lating flues, the floor immediately over the fires being protected 
hy mejins of a curtain arch. The drying takes 24 hours, and 
tho bricks .ire then rejidy for firing. 

Many attempts have l)een made to introduce machinery for 
fire-brick making, but up to the present without great success. 

Tlie bricks are, after drying, fired in kilns. The ordinaiy 
kihi consists of a large chamber capable of holding 25,000 
l»rick», j)r()vided with a series of deep fireplaces, so deep as to 
be ahnost called gjis-producers, on each side. The bricks are 
stacked in the kilns, the fires lighted, ample air being admitted 
to ensure the combustion of the products of distillation, and 
tlu^ j)r(Klucts of combustion circulate through the loosely- 
stacked bricks on their way to the chimney. Such a kiln will 
take alK)ut ten days to work a heat — three days heating up, 
throe days firing, and four days cooling. 

At the (jrlenl>oig works Mr. Dimnachie's regenerative gas- 
kiln is used with great success. These kilns are built in sets 
of ten, in two rows of five each. The gas is supplied by Wil- 
son producers, and is so arranged that it can be sent througli 
the (thambers in any order. The gas enters the kiln by a flue 
ninning along the bottom on one side, the hot air is supplied just 
al)ove it, and combustion takes place. The products of combus- 
tion sweep across the kiln through the bricks stacked in it, and 
leave at the other side. When at work there will be two kilns 
cooling off", the air passing through these on its way to the kiln 
where burning is going on, and being heated on the way by 
the hot bricks; the hot products of combustion pass through 
two or three more kilns which are filled with unburned bricks, 
and which are therefore being heated up, and other kilns are 
being charged and discharged. As soon as the burning is com- 
plete the valves are ad]\isted, ao ^XvaX. tV^ %^<i.a\!^d of the two 
cooling-off ovens is ready ior ^c\iai^Tv^, \Xv^ ^\v\^'^ ^-^^^ 
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b^ns to cool off, and the oven which was being charged last 
begins to dry. In the illustration, Nos. 10 and 1 are cooling 
off; 2 is burning; 3, 4, 5, and 6 are In different stages of heat- 
ing up and drying; 7, 8, 9 are being charged or emptied. 




This kiln is worked continuously, and is found to be verj 
convenient and economical 

Ganister Bricks — These are made in much the same 
way, hut are very tender hole re finng ar 1 therefore require 
careful handhng The clay present in the ganister is enough 
to act as a binding matenil 

Silica Bricks — Siice bilica has no 1 in ding power it is 
■ necessary to add some mdteridl which will 1 ir d the ilict to- 
gether. A small quantity of clay has been used but the isiwl 
agent is lime a small quantity {about 1 per cent) of which is 
mixed with the matenal on finng this attacks the silica form 
ing a frit which binds the brick together. SiUna, \i'E\it4*s(i ■^K.-i.V 
and friable, but are capable oi wit^iatatvdiw^ v^-tj \a^^«iKi.- 
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peraturos. Silica bricks expand on burning, so that the moulds 
have to ]>e made a little smaller than the required brick Silica 
])ricks also expand and contract very much when subject to 
heat, and when steel-furnace roofs are built of them, care has 
to }>e taken to loosen the tie-rods of the furnace to allow for 
the expansion. 

Manufacture of Silica Bricks. — The manufacture of 
Diiuis })rick8 is described by Dr. Percy.* "The rock when 
not too hanl is crushed to coarse powder between iron rolls. 
Uy exposure to the air the hard rock becomes somewhat softer, 
but some of it is so hard that it cannot be profitably employed." 
" The powder of the rock is mixed with about 1 per cent of 
lime and sufficient water to make it cohere slightly by pressure. 
This mixture is pressed into iron moulds, of which two are 
fixed under one press side by side. The mould, which is open 
top and bottom like ordinary brick moulds, is closed below by 
a nioval)le iron plate, and above by another plate of iron which 
fitH like a piston, and is coimected with a lever. The machine 
boin^ adjusted, the coarse mixture is put into the moulds by 
woi'knien whose hands are protected by stout gloves, as the 
sharp edges of the fragments would otherwise wound them; 
the piston is then pressed down, after which the bottom plate 
of iron on which the brick is formed is lowered and taken away 
with the l>rick upon it, as it is not sufficiently solid to admit 
of l)eing carried in the usual manner. The bricks are dried on 
these plates upon floors warmed by flues passing underneath, 
and when dry they are piled in a circular closed kiln covered 
with a dome similar to kilns in which common fire-bricks are 
l)urned. Al)out seven days' hard firing are required for these 
l>ricks, and about the same time for cooling the kiln. One 
kiln contains 32,000 bricks, and consumes 40 tons of coal, 
half free-burning half binding." 

Silica bricks may be made by exactly similar methods from 
any siliceous material, ground flints, sand, and other similar 
materials being frequently used. 
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Basic Bricks. — T^or lining basic Bessemer converters and 
other purposes dolomite brieke are made. The dolomite is 
calcined so as to expel ail carbon dioxide, a much higher tem- 
perature being reiiuire'l than for calcining liraestone. The more 
anagnesia present the higher the temijeratiire required, but 
the less the substance deteriorates on exposure to the air. The 




cait.med matenil i ground mix d tc i stift pa te with hot 
ihydrous tai and the mixture i> moulded mtf 1 ricks under 
ftydraulic pressure in iron mould the bncks are then care 
fiully dned and filed it a high temperature The brick press 
diown has three moulds on a rotating table and ivhen one 
tDOiild w under the pros ing ram another is being filled and 
Hiebnck is being iemo\ed from the third 

esiM IS more difficult to calcrao tbaa dolinuta aai 
biuf ba calcined at an intense white \ieat l\.-aft«m. ^^sosA,. 
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made into bricks in the usual way, dried, and fired at a very 
hi^h tem})erature, the iron oxide present acting as a frit. 
Those ])rick8 are dark chocolate in colour, are strong, and 
hav(» a very high specific gravity. Burned magnesite may be 
exp()He<l to the air without fear of its absorbing water or car- 
bon dioxide. Bauxite bricks are made by mixing the calcined 
niiiuind with enough clay to make it bind. These bricks are 
dense, l)ut are usually friable. 

Furnace Linings. — Some refractory materials are used 
for the linings of converters or furnaces directly without being 
nimle into bricks. 

GnuisU'i' is used for lining converters for the ordinary or 
acid Ik»,ssenier process. The ground material is mixed to a 
j)asto with water, and is applied to the interior in several ways. 
Tlie usual way, prolwibly, is to put inside the converter a core 
of the sha]>e it is intended to make the inside, and then to ram 
the ganister Ijctween this and the shell. Another method is 
to apply the well-worked ganister by hand, pressing it firmly 
at^ainst the inside of the shell, and when all is in, carefully 
smoothing the interior surface. 

Dolomite is used for lining converters for the basic Bessemer 
I)ro(;oss. When not used in the form of bricks, the hot mix- 
ture of dolomite and tar is rammed into place round a core by 
means of a hot-iron rammer. 

For the hearth of basic open-hearth furnaces, the magnesian 
lime is spread in thin layers, each of which is fritted by the 
heat of the fire before another is put in. Magnesite is used 
similarly. 

Sand. — This is used for making the hearths of Siemens 
furnaces. Several qualities are used, and they are spread in 
thin layers, the least refractory first, the most refractory last, 
each layer being fritted before another is applied. Bull-dog, 
iron-ore slag, and other materials use'd for furnace lining are 
similarly applied. 

MortcirSf &C. — In settmg \>T\cVa ol ^wj ^^iw^ \.\safc ^re to 
be exposed to a high temperatxure, ca^^ m\vs\» \i^ Xa^'so. \si n^sr. 
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a mortar which has no action on them. Acid bricks must be 
set with an acid mortar, and basic bricks with a basic one. 
Fire-bricks are usuaUy set in fire-clay, dolomite bricks in a 
dolomite tar mortar, and others in a material as nearly as 
possible the same composition as the bricks themselves. 

Casting Sands. — ^These sands, used for making moulds 
for casting purposes, are not very refractory, as they must 
contain enough alumina to make them bind. The following 
examples are from Percy :^ — 





1. 


2. 


3. 


4. 


5. 


1 

Silica, 


79-02 


92-083 


91-907 


92-913 


87-87 


Alumina, 


13-72 


5-415 


6-683 


5-850 


2-13 


Oxide of iron, 


2-40 


2-498 


2-177 


1-249 


2-72 


Magnesia, 


•71 








-21 


Lime, ... 




trace 


•415 


trace 


3-79 


Alkalies, 


4-53 










Carbonic acid and water, 


— 








2-60 


100-43 


99-960 


100-182 


100-012 


99-32 



1, Ibsenberg. 2\ Charlottenbei^ Foundry. 3, Used in Paris for bronzes. 4, Sand 
from Manchester. 5, Sand used for bed of copper furnace (Weston). 

"According to Kaufman a good sand for moulds may be 
artificially made from the following mixture : — 



Fine quartzose sand, 

Red English ochre, 

Aluminous earth, as little calcareous as possible, 



93 
2 
5 



100 



"2 



Crucibles. — Crucibles are open-topped vessels in which 
materials may be heated in furnaces, and of such a size that 
they can be lifted by means of tongs. 

The qualities required in good crucibles may be thus 
enumerated : — 

" 1. They should resist a high temperature without melting 
or softening in a sensible degree, and should not be so- tender 
while hot as to be liable to crumble or break when grasped 
with the tongs. 



i Percy, Fuel, p. 151. 



^Fuel»^-\^'L 
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"2. In some cases they should resist sudden and great 
changes of temperature, so that they may be plunged while 
cold into a nearly white-hot furnace without cracking; while 
in other cases it is only necessary that they should resist a 
high temperature after having been gradually heated. 

**They may occasionally be required to withstand the corro- 
sive action and permeation by such matters as molten oxide 
of lead. 

'*In special cases the material of which they are composed 
must not contain any ingredient that would act chemically 
upon the substances heated in them. Thus carbonaceous 
matter should not be one of their constituents when they are 
used in the heating of such oxidized matters as carbon would 
reduce, and reduction is not desired, or in the fusion of steel, 
when it is necessary that the proportion of carbon should not 
1)0 incretisod."^ 

Clay Crucibles. — ^Various forms of crucibles are in use. 
At one time ciich form of crucible was made in some special 
locality, and of some special mixture of clays. That, however, 
is no longer the case. Crucibles of good quality can be obtained 
of any re(|uire(l forms. 

Among the best-known forms of crucibles may be mentioned 
the following, made by the Morgan Crucible Company, Batter- 
sea : — 

Cornish Ci'ucibles, — These crucibles were made by Messrs. 
Juleif of liedruth for copper assaying, and acquired a great 
reputation, and thoy are now made from Juleff 's formula by 
the Morgan Crucible Company. They are round, and of two 
sizes, the larger 3 inches in diameter at the top, and 3J inches 
high, the smaller fitting into this. 

They are nearly white in colour, spotted with brown spots. 
They are not very refractory, but Percy states that they can 
be plunged into a white-hot furnace without cracking, and will 
therefore stand sudden and violent alternations of temperature. 

Percy gives the following as an analysis of a good batch of 
these crucibles : — 
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Silica, 


72-39 


Alumina, 


25-32 


Sesquioxide of iron, 


1-07 


Lime, 


-38 


Potash, 


1-14 



100-30 



For more refractory crucibles of small size a little china clay 
is added to the mixture. 

London Crucibles. — This is a deeper form of crucible than the 




London 
Hound. 





London 
Triangle. 



Hessian. 




Batienea. 





Skittle Pot. For Copper. 

Fig. 102— Forms of Cmcib1e& 

Cornish. The original London crucibles are stated by Percy 
to be very liable to crack. 

Battersea-round. — These crucibles are very excellent for all 
ordinary laboratory purposes. They stand all assay furnace 
temperatures quite well, and are not liable to crack. 

Hessian Cincihles, — These crucibles at one time had a high 
reputation, but are little used now. The name is retained to 
indicate crucibles which have a triangular top, quite irrespec- 
tive of the materials of which they are made. 

Among other types of small crucibles may be mentioned 
Oerman assay crucibles, skittle-pots, goVdL^.\«v^\w^^^\s..,^^. 



330 FU£L AND BEFRACTORT MATERIALS. 

Selection of Materials for Crucible-making.— The 

clay for making crucibles, whether large or small, must be 
very carefully selected. It must })e very plastic so as to allow 
of reiwly moulding into the recjuired form, and it is said to be 
best after weathering. It must be infusible, and must not 
contjiin iron p3rrites, or the holes left by its decomposition may 
form channels through which the contents of the crucible 
might esciiiHJ. Clay contracts so much on drying and firing 
that a cnici}>le miule of raw clay only would lose its shape. 
To overcome this defect the clay is always mixed with some 
non-contracting and infusible material, such as burned clay, 
rtilica, or graphite. Burned clay is the material generally used; 
l»ut care must be ttiken not to add so much as to reduce the 
plasticity of the clay. The material must not be too finely 
pow{l(»red, as the moi'e finely divided it is the more likely it is 
to fuse. Hcilhier stiites that if silica be used it may at a high 
temperature combine with the clay, forming a pasty mass. 

Manufacture of Crucibles. — Crucibles are articles of 
pottery, and thei-efore they may be made by the usual methods 
for- the manufacture of such ware. The methods of making 
Stourlnidge-clay crucibles is thus described by Percy :^ — "The 
woikman sits before a bench, on which is a wooden block, of 
tlu^ shape of the cavity of the crucible. At the widest end of 
the l)lock is a fiange or projecting border, equal in width to 
the thickness of the crucible at the mouth, measured in the 
wet state. At the middle of the same end an iron spindle is 
inserted, which fits into a socket on the bench. The block 
may thus l)e made to revolve. It is not fixed, but may be 
taken out or dropped into the socket at pleasure. On the 
narrow or upper end of the block is placed a lump of tempered 
clay, which the workman then moulds round the block by first 
striking it with a flat piece of wood, and then slapping it with 
both hands so as to turn the block more or less each time as 
occasion may require. The clay is thus rapidly extended over 
the whole block down to the flange. A sliding vertical gauge 
IS Gxed in the bench, by meai^a oi \Aiv^ ^i\l^ \}£^\0&x!kft»5e. oi tha 
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sides and bottom of the crucible may be regulated. As soon 
as the moulding is finished the block is lifted out of its socket 
and inverted, when the crucible, with a little easing, will gently 
drop off. The spout for pouring out metal is then fashioned 
with the finger. The clay may likewise be moulded upon a 
linen cap, wetted and slipped over the block, so that on invert- 
ing the block the crucible and cap slide off together, after 
which the cap may be pulled out when the crucible is dry." 
After this they are very carefully dried and fired. 

Manufacture of Crucibles for Steel-melting. — The 

materials (each maker having his own mixture of clays) are 
thoroughly mixed with water, and tempered by mixing in a 
mill or by treading with bare feet for several hours, cutting 
and turning at intervals with the spade. The mass is then 
cut up into balls, each containing about enough for one 
crucible. The ball is placed in a "flask", the interior of 
which is the form of the outside of the crucible. A plug 
having the form of the interior of the crucible, with a spike 
which fits into a hole in the base-plate, is pressed down, then 
forced down by being lifted and let fall, and finally driven 
home by a hammer. The clay rises up in the space between 
the flask and the core. That which projects above is cut off 
neatly, the crucible is forced out of the flask and put to 
dry, after which it is used without firing, being placed on a 
brick sprinkled with sand, to which it adheres as soon as 
its temperature is high enough, and thus prevents any escape 
of metal. 

Machines are now sometimes used. In these the core is 
forced down by machinery, and the centring-pin is dispensed with. 

Small Crucibles for Laboratory Use. — These are made 
in a small brass flask by means of a wooden core. The brass 
flask A (Fig. 103) is fitted into a wooden base c, in the centre of 
which is a small hole, into which the centring-pin G of the core 
fits. A quantity of a well-kneaded mixture of clay and burned 
day, enough to make a crucible, is put into the mouldy the core 
F 18 pressed down, a rotary motion \iemgj gL\^\i\>a^^^^^'^^V^^^'^ 
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up the clay between it and the flaak, till tlie neck of the core 
cornea down on to the top of the flask, any excess of clay being 
forre<l out of an opening left in the head of the core. The core 
ie then remove<1, a email piece of clay dropped in to stop the hole 
in the bottom, and the interior is smoothed off by means of an 
exactly similar core, without the pin. The crucible is then 
removed by lifting the flask 
from the stand, and applying 
slight pressure below. In order 
to prevent sticking, it is well 
to oil the flask and the cores. 




Plumbago or Black-lead Crucibles. — These crucibles 
arc made of a mixture of firo-clay and graphite, the graphite 
preventing shrinking, and at the same time adding very much 
to the refractoriness of the pot. Black-lead pots are very much 
more durable than fire-clay crucibles, and can be used several 
times, whilst clay crucibles can usually only be used once. 
They are also much less likely to crack in the furnace. 

Manufacture of Plumbago Crucibles at Messrs. 
Morgan's. — A weighed portion of the mixture of clay and 
graphite in the plastic cond\tion \a mUoixw*^ 'roXfi aw. won 
&st F (Fig. 104), whicll ia ao &x.ft4 \.\w.\. -a. ws».\ie. i:<Aa.xs*..V^ 



REFRACTORY MATERIALS— BRICKS — CRUCIBLES. 333 

machinery. A forming-tool or template of iron M, having the 
form of the interior of the crucible, is lowered into the flask till 
it just touches the ball of graphite and clay c, and the flask is 
rotated, the "former" being gradually lowered till the crucible 
is complete. Any excess of material is then cut off*, the crucible 
is lifted out, the spout formed with the finger, and the mould, 
with the crucible in it, is set aside to dry. In drying, the 
crucible contracts and separates from the mould. When dry 
enough it is fired. 

A crucible examined by Dr. Percy was found to contain 
48*34 per cent of carbon. 

Manufacture of Black-lead Crucibles in America.^ 
— The mixtures used consist of about 50 per cent graphite, 
45 per cent air-dried clay, and 5 per cent sand, and lose on 
burning from 5 to 10 per cent. Ceylon graphite is generally 
used. This is very pure, containing not more than 5 per cent 
of ash. The graphite is crushed in mills, pulverized between 
millstones, and passed through a 40 sieve. 

" If the graphite be too coarse, the crucible is apt to become 
porous, and to be weakened by cleavage planes ; if too fine, the 
crucible is too dense, and is apt to crack under the extreme 
changes of temperature to which it is exposed, and conducts 
heat slowly." The clay used is German. " It is at once very 
fat, refractory, and wholly free from grit." 

The sand should be rather coarse, passing a screen of about 
40 meshes to the inch. Burnt fire-clay has been found as 
good, but not better. 

The clay is made into a thin paste with water, the sifted 
sand and graphite are stirred in with a shovel, and the mass is 
mixed \y means of a pug-mill. It is tempered by a few days' 
repose in a damp place, covered with cloths which are moist- 
ened occasionally. 

A weighed lump of the mass is slapped and kneaded, and 
put into the bottom of a thick plaster- of- Paris mould, the 
interior of which has the form of the exterior of the crucible, 
and centred on a potter's wheel. Whil^ it \:^\ol\^%^^. <ta&tr 

^Abridged from account by Ho^re \n The MetxiXluTg-vj oj SlUA^^**®!^ 
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iron or steel profile of the interior of the crucible is lowered 
into the mass. The clayey mass is pressed against the sides 
of tlie mould, and raised gradually to its top, jointly by the 
I'ovolution and l)y the moulder's hand. Any excess which 
comos above the top is cut off, and the lip is cut out. The 
crucible is left in the mould about three hours, the plaster 
a1>sor1)ing its moisture, and thus stiffening it so that it can be 
han(Ue<l. It is then air-<lried for about a week in a warm 
room, and ia fired. The firing takes a week; one day is oocu- 
piwl in charging, three in firing, and two in cooling down. 

Firing Crucibles. — Crucibles, like all articles of pottery 
to 1)0 fii'cd, arc placed in e^irthen vessels or seggars, which are 
placed one al)ove the other in the kiln. In the case of plum- 
bago crucibles it is important to keep out air, so as to prevent 
oxidation of the graphite. For this purpose one seggar is 
often inverted over the other, some coke placed inside, and the 
joint luted with clay. The graphite should never be burned 
away more than just at the surface. 

Using Black-lead Crucibles. — Black-lead crucibles re- 
quire careful ainiealing before use. The fire should be allowed 
to burn down, and some cold coke put on, the crucible put on 
this mouth downwards, covered with coke, and the fire allowed 
to ])urn up slowly till the crucible is well red-hot. The carbon 
will 1)0 ])urned away from the surface of the crucible, leaving 
it gray or white. 

Salamander Crucibles. — To avoid the necessity for an- 
nealing, the Morgan Crucible Company make crucibles known 
as the Salamander brand, which can be put into the fire at once 
without risk. They are covered with some waterproof glaze, 
probably a salt glaze, which answers its purposes thoroughly. 

Carbon Crucibles. — For experimental work, Deville used 
crucibles about 4 inches high, turned out of solid gas-retort 
carbon, which were placed in a clay crucible for use, but retained 
their form even if the outer crucible melted away. 

Brasqueing Cruc\b\es. — ^maXV ct^xc^^^ \syc \aiciKs^'Si^\:^ 
work can be readily lined mtli c^aaico?^ 
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Powdered cliarcoal is mixed with a mixture of equal parts of 
warm water and treacle till it is just stiif enough to cohere by 
pressure, and is firmly pressed into the crucible, and a cavity 
is cut out in the centre. A cover is put on and luted, and the 
crucible is heated to redness and allowed to cool. The lining 
will separate from the ci'ucible, but will remain perfectly co- 
herent. 

"Berthier states that he has occasionally lined crucibles 
with silica, alumina, magnesia, or chalk, previously moistened 
with water so as to make them sufficiently cohesive, and that 
a thin lining of chalk renders earthen crucibles less permeable 
to molten litharge."^ 

Alumina Crucibles. — These crucibles may be made, 
according to Deville, by heating alumina and strongly ignited 
marble in equal proportions to the highest temperature of a 
wind-furnace, and then using equal proportions of the sub- 
stance thus obtained, powdered ignited alumina, and gelatin- 
ous alumina. Such crucibles do not soften at the melting 
point of platinum, and resist almost all corrosive materials. 

Lime Crucibles. — Lime crucibles are made by taking a 
piece of well-burned slightly hydrated lime, cutting it by means 
of a saw into a rectangular prism 3 or 4 inches on the side 
and 5 or 6 inches high. The edges are rounded oif, and a hole 
is bored in the centre. 

Testing Clay as to its Fitness for Fire-brick and 
Crucible-making. — The clay must first be examined as to 
its plasticity by mixing a little with water and moulding it. 

The clay, if its plasticity be sufficient, is rolled out into a 
sheet, and triangular portions are cut out with a knife, care 
being taken to leave the edges quite sharp. These are dried, 
put into a black-lead crucible, and heated to the highest attain- 
able temperature for some hours. They are then allowed to 
cool and examined, and if the edges show no sign of softening, 
the clay may bo pronounced sufficiently refractory. 

For very refractory clays a higher temperature than that 

1 Percy, Ftiel,p. 14\. 
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which can be obtained in an ordinary crucible furnace is re- 
quired. A hot-blast gas furnace may then be used. Another 
method of testing clays is to grind finely, and mould into little 
prisms with varying proportions of some fluxing oxide, and 
the one which requires most oxide to make it fusible is the 
best clay. Kichters tones up the clay with fine alumina till 
it in as refractory as a standard clay. 

The refractoriness is often measured by making the clay 
into little pyramids having a triangular base, the sides of 
which are I in., | in., and ^ in., and the height 2f in., and 
comparing their behaviour with pyramids of standard degrees 
of refractoriness, which are made commercially in Germany, 
and are known as "Segar" cones. ^ 

If the clay is to be used for crucibles, the best method of 
testing is to make it into small crucibles in the apparatus 
described on p. 332, first burning some of the clay to mix with 
the raw clay; dry and fire them, and then subject them to 
the various tests. 

1. Heat to the highest possible temperature inclosed in 
another crucible. 

2. Heat to redness, take from the fire and plunge into cold 
water. 

3. Half-fill with litharge, heat to fusion, keep fused for about 
five minutes, then pour off the litharge, and examine how far 
the pot has been corroded. 

The finer the grain the better the pot will stand test 3, and 
the coarser the better will it stand tests 1 and 2. 

iSee Hofman A Demond. J. A. I. M. /., xxiy. 
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papers should, however, be consulted whenever possible, as the discussions 

are of great value. 

Chaptkb I. 

F&me, L. T. Wright; J,S,C.I.j 1887. 

Flame. F. J. Rowan ; J.S.C.L, 1889. 

Flame, A. Smithells; J.C,S,, 1892. 

Comhtkstion, F. Siemens ; J.T.S,!., 1886, voL iL 

Combuttion of Coal in Houie Firet. J. B. Cohen, D.Sc., and G. Hefford ; 
J.S.C.r., 1893. 

On the subject of the LvminotUy of Flame the student should refer to 

the pai)ers of Profs. Lewes and SmitheUs in J.CS, and J,S.C.L, 1892, and 

8ubHe<{uently. 

Chapter II. 

Application of Tliermal ChemUtry to MetaUurgieal Problems, A. Pourcel; 
J.I.S.L, 1889, vol. i. 

Fuel and its Efficiency, B. H. Thwaite ; J.LS.L, 1892, vol. i. 

Chaftbb III. 

O'eology of Coal. Chemistry of Coal, Coal, . Edited by Prof. T. E. 
ThorjKj, F.R.S. Macmillan & Co. 

Coal. Prof. T. H. Huxley, F.R.S. Collected Essays, voL viii. 
Spontaneous Ignition of Coal. Prof. V. B. Lewes; J.S.C.L, 1890 (abe.). 
Oases Enclosed in Coal and Coal-dust. W. MK>>nnel; J.S.CI., 1894 (abs.). 
Heating Power of Coal. W. Thomson, F.C.S.; J.S.C.L, 1889. 
Sulphur in Coal. G. H. Bailey; J.S.CI., 1889. 

Chapter IV. 

Destructive Distillation of Wood. J. C. Chorley and W. Ramsay; 
J.S.C.I., 1892. 

Manufacture of Coke. R. de Soldenoff ; J.I.S.I., 1894, vol. ii. 

Methods of Coking Coal. Watson Smith ; J.S.C.I., 1883 (abe.). 

Recovery of Bye-Products from Coal Distillation. Watson Smith; 
J.I.S.L, 1884, vol. ii. 

Recent Results with Hoffman CoJce Ovens. Dr. Otto ; J.I.S.I., 1884, vol. ii. 

Distillation of Coal and Recovery of Bye-Products, G. E. Davis ; J.S.C.I.t 
1883. 

Earliest Methods of iJoking Coal vrith Recovery of Tar and Ammonia, 
Watson Smith ; J.S.CI., 1884. 
Densiti/ of Coke. W. Tilden ', J.S.C.I.^ \%%^. 
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DtUUUUion of Peat, P. Dvorkovitz; J.S.C.L, 1894. 
VolcttUe ConatituerUs of CoaL J. Jameson ; J.S,C.L^ 1883. 
The Jameson, Process of Manufacturing Coke. J. Jameson; J,l.S.f,^ 
1883, vol. ii. 
Briquette Fud, W. Oolquhoun; P.I.C.E.^ vol. cxviii. 
Manufacture of Charcoal and Coke, E. Rodger ; Pr, Inst, Meek, £ng., 

1857. 

Coke Ovens, A. B. Cochrane ; Pr, Inst, Meek, Eng,, 1801, 

Chapter V. 

Fuel Purification. P. Bateson ; J,S,C.I,, 1891. 
The Luhrig Coal-washing Plant. J. I'Anson ; J,IJS,I., 1893, vol. ii. 
The Luhrig Process, J.CI.E., 1892-93. 

A good account of coal- washing plant is given in Mining and Ore 
Dressing Machinery, W. Lock. E. & J. Spon. 

Coal Washing, F. H. Harvey ; P,LC,E., voL Ixxvii. 

Chapter VL 

Liquid Fud for Mechanical and Industrial Purposes, E. A. Brayley 
Hodgetts. E. & J. Spon, 1890. 
Liquid Fud. L. T. Wright ; J.S.C.I.y 1887. 
Caucasian Petroleum Industry, D. Mendel^eff ; J.S.C.I,, 1889. 
Liquid Fud, G. Stockfleth ; J.S.C.L, 1894 (abs.^. 
Liquid Fud., H. Aydon ; P.I.C.E.^ vol. lii. 

Chapter VII. 

Report on Natural Gas. J.JS.C.I.j 1888 (abs.). 
Natural Gas. F. C. Phillips; J.S.C.L, 1894 (abs.). 
Gaseous Fud. Sir E. Lowthian Bell ; J.I.S.I., 1889, vol. ii. 
Fud Gas. B. Loomis ; J.I.S.I.j vol. ii. 

Use of Gas as a Heating Agent compared with Solid Fud. G. E. Davis ; 
j.S.C.I.f 1883. 

Generalion and Application of Gas. A. Wilson ; J.S.C.I.f 1883. 
Gaseous Fud. L. T. Wright; J,S,C,I,, 1883. 
. Dowson Gas, J.S.C.I., 1888 (abs.). 
Water Gas. J. F. BeU; J.S.C.I., 1889 (abs.). 
Fud Value of Gases. H. L. Payne ; J.S.C.I., 1893 (abs.). 
Manufacture of Gas from Oil. H. E. Amesbury; J.S.C.I.f 1884. 
Gasification of Coal and Oil. P. Dvorkovitch; J.S.C.I.f 1893. 
Manufacture of Gas from Oil. W. J. Macadam; J.S.C.I.j 1887. 
Gaseous Fud. G. Ritchie ; /. W. of S.I.S.I.j vol. i. 
Combustion of Powdered Pud, J. R. Crampton; J.I.S.I., 1873. 
JVate on the Efficiency of Gaseous Fuel. "F. k. ^«.\X)ftfiw\£ka.\v\ 3.\^. ^^ 
S.I.S.I.f vol. i. 
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Saeriiee of Heat in making Producer Oaa, J. Ormiston; /. W. 0/8.1.8.1., 
voL L 
NoU$ on Water Oat, G. Ritchie ; /. W, ofS.IJS.L, voL ii 
On Ocu Producers. H. J. Bowman ; P.l.CE.^ voL Ixxxiv. 
Efficiencies of Oas Producers. O. F. Jenkin ; P.I.C.E., voL cxxiii 
Mond Producer Oas. J. H. Darby; JJ.S.L, 1896, voL i. 

Chaftkb. yill. 

Recovery of Tar and Ammonia from Blast Furnace Chues. W. Jones ; 
J. 1.8. 1., 1885, vol. ii 

Production of Ammonia from Coke, R. Tervet; J.f.S.L, 1883. 

Production of Ammonia from Coed, L. Mond ; J.8.C.I., 1889 (Presidential 
Add rem). 

Coke Oven Tars, G. Lunge; J.8.C.I., 1887. 

Blast Furnace Tars. Watson Smith; J.8.C.I.y 1887. 

Chafter IX. 

New Form of Siemens Fumade, J, Head and M. P. Pouflf ; J. 1.8.1. ^ 1889, 
vol. ii. 

Jicf/cnerating I/eat in the New Form of Siemens Furnace. R. Akennan ; 
J.I.SJ., 1890, vol. i. 

Improved Design for Open-Ifearth Steel Furnaces. B. H. Thwaite; 
P.S.S.l.^ vol. vi. (This paper deals with the thermal efficiency of the 
furnace.) 

Cidorific Power of Puddling Furnace. J. Cubillo; J.I.S.I.y 1892, vol. L 

Efficiency of Rcverberatory Furnaces. J. Cubillo ; P.S.S.I., vol. vi. 

Chapter X. 
Boiler Chimneys. R. Wilson. Crosby, Lockwood, &; Co., 1892. 

Chapter XI. 

Jleisch ft' Fdkard^s Pyrometer. F. Hurter; J.8.C.I., 1886. 

Le Vhatelier's Pyrometer, W. C. Roberts- Austen, F.R.S. ; J.I.S.l.y 1891, 
vol. i. 

AutographicaUy Recording Pyrometer. W. C. Roberts- Austen ; J.I.S.I., 
1892, vol. ii. 

Recording Pyrometers. W. C. Roberts- Austen ; J.I.S.T., 1893, vol. i. 

Platinum Pyrometers. H. L. Callendar; J.I.S.I.y 1892, vol. i. 

A New Optical Pyrometer, B. H. Thwaite; J.I.S.I.y 1892, vol. i. 

Chapter XII. 

TAermal Chemistry. M. Pattisoii M\\\t aiA'NL.'SRVWiTL. Macmillan & Co. 
J^ew Form of Calorimeter, "W. TYiomBon*, J .S.C.I., \%'^^. 
A^oees on Fuel, Jcc. B. H. Thwaite •, J.I.S.I., l^^'^^ no\. \. 
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Chapter XIII. 

Boiler Experimenii, Bryan Donkin and W. Kennedy; Engineering y 1891, 
Prevention of Smoke from Boiler Furnaces. G. O. Thomson ; Pr. Insti- 
tute of Engineers and Shipbuilders of Scotland, 1888. 
Evaporative Tests on Land Boilers. Ibid., 1894-95, 

Chapter XIV. 

Quantitative Analysis. A. H. Sexton. For General Analytical Methods. 
Engineering Chemistry. H. J. Phillips. 

Chapter XV. 

Fire Clay and Refractory Materials. G. J. Snelus; J.J.S.L, 1875, vol. ii. 
Neutral Lining for Furnaces. J. Gautier; J.LS.L, 1886, vol. i. 
Refractory Material. W. Macfarlane; J.W. of S.LS.L, vol. iii. 
Determination of the Refractoriness of Fire Clays. H. O. Hofman & C. D. 
Demond; Trans. Amcr. Inst. Min. Eng., vol. xxiv. 

NOTES AND TABLES. 

Heat Units. 

British Thermal Unit, 1 pound of water raised V F. 

Centigrade Unit (often wrongly 

called a Calorie), ... ... 1 „ „ 1** C. 

Calorie, ... ... ... ... 1 kilogram „ 1° C. 

To convert a sum given in Centigrade Units into the corresponding 
B.T.U.— 

X ? or 1-8. 
5 

To convert Calories into B.T.U. — 

X 3-968. 

THERMt)METER SCALES. 



Fahrenheit, ... F.P. of water ^ 32" ... B.P. of water = 212 
Centigrade, ... F.P. „ = 0'' ... B.P. „ = 100 



To find a reading F° on Fahrenheit scale corresponding to C** on Centi- 
grade scale, or vice versA — 

F = I C + 32 or 1-8 C + 32. 
5 

C - ^ (F-32) OT «&xiJB-^*iV 



S48 



PUBL AND RKFRACTORT MATERIALS. 



MicHANiCAL Equivalent of Heat. 



1 B.T.U., 

1 Centigrade unit, 

1 Calorie, 

1 Foot-pound, 



= 772 foot-pounds. 

- 1390 

= 3063 

=: 1-356x10' ergs. 



1 Horse-power =33000 foot-pounds per minute = 7*46 x 10* ergs per second. 

Enoush and Mbtrio Weiohtb and Msasorbs. 
1 Metre, 



ft 



1 Litre, 



fi 



1 Gramme, 



»» 

»» 



= 39*37079 inches. 

= 3*28089 feet. 

= 1*09363 yards. 

= -00006214 mile. 

= 61*02705 cubic inches. 

= 085317 „ foot. 

= 15*48235 grains. 

= -032151 Troy oz. 

= -0022046 Avoir, lb. 

= -0000197 cwt. 



J. tj vt/ti wi b iticbivo v\J jrcoAVAo, omjvi 


n* 








„ inches, 




• • • • 


X 


40 (39-37) 


„ inches to metres, 




1 • • • • 


X 


-0254 


„ kilogrammes to lbs.. 




• • • • 


X 


2-2046 


„ litreH to galloTiH, 




» • • • • 


X 


-22 


gallons to litres. 




• • • • • 


X 


4-546 


„ grammes to grains, 




I • • • • 


X 


15-432 


„ grainH to grammes. 


• 


• • • • 


X 


•0064 


„ ounces to grammes. 




• • • • • 


X 


28-349 


Specific Heat of Gas] 


BOU 


B Substances. 


Air 




• • • 




•2375 


Oxygen, 




• • • 




•2175 


Nitrogen, 




■ • • 




•2438 


Hydrogen, ... 




• • • 




3*4090 


Carbon monoxide, ... 




• • • 




•2450 


Carbon dioxide, 




• • • 




-2163 


Methane^ 




• • • 




-5929 


Ethylene, 




• • ■ 




-4040 


Steam, 




• • • 




-4805 


Sulphuretted hydrogen, 




• • • 




•2432 


Sulphur dioxide, ... 




• • « « 




.. *\^\?5^ 


Charcoal, 




« ft % ft « 




... '^^-Vb 
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Amount of Oxygen bequibed for Combustion. 





OXTGBN. 


Air. 


Carbon, 1 part, ... 

Hydrogen, ... „ 
Carbon monoxide, „ 
Methane, ... „ 
SIthane, ... ... „ 

Acetylene, ... „ 


2-66 
8 
•57 
4 

373 
3-07 


127 
38 

271 V 

19 

161 

17-6 



Calobifio Power of vabious Combustibles. 





B.T.U. 


c.u. 


Carbon to carbon dioxide, 

Carbon to carbon monoxide, 

Hydrogen to water, 

Methane to carbon dioxide and water, . . . 

Ethylene, 

Acetylene, ... 

Sulphur to sulphur dioxide, 

Carbon monoxide to carbon dioxide, 

YY Ol/Uy ••■ ••• ••• ••« ••• 

\,^\Jau| ■«• ••• ••• ••• ••• 

Anthracite, 

V/vJtLwy m • • ••• ••• ••• ••• 

Natural oil, 

vyoai'gas, ... ... ... ... ..« 


14500 
4327 
61524 
24513 
21345 

3891 

5 4500 to 
1 7200 
i 11500 to 
( 16200 
J 12900 to 
( 14700 
J 615200 to 
14400 
18000 
19800 


8080 

2404 

34180 

13063 

11858 

2162 

2500 
4000 
6600 
9000 
7200 
8200 
6600 
8000 
10000 
11000 



INDEX. 



Absolute 2ero, 257. 

Acetylene for gas-making, 179. 

Acid refractory materials, 309. 

Air, amount required for combustion, 31 ; 
formulae, 31-33. 

Alexander & M'Cosh process for recovery 
of by-products, 190, 191 and fig. 

Alloys suitable for fusion pyrometers, 271. 

Alumina, 310, 312, 313, 314; in ganister, 
315; crucibles, 335. 

Ammonia, apparatus for recovery of, from 
coke oven gases, 185 fig.; a product of 
distillation, x86; distillation for production 
of, 197. 

Ammonium sulphate recovered by Gillespie 
plant from gas producers, 188; obtained 
from coal by M. Mond, 198 ; yield from 
Alexander & M'Cosh plant, 192. 

Analyses : of wood, 53, 54 ; peat, 57 ; lig- 
nites, 66; caking in coals, 67; of different 
classes of coal, 69; non-caking long-flame 
coal, 70; gas and furnace coals ; coking 
and anthracitic coals, 71 ; anthracites and 
cannels, 73; coal ash, 76; gas in coal, 77; 
gas from charcoal oven, 87 ; coke, 92 ; 
briquettes, 121; petroleums, 131; natural 
gas, 137 ; Siemens producer-gas, 142 ; 
Mond gas, 171; gas from coke-fed blast- 
furnaces, 172; gas from coal-fed blast-fur- 
naces, 173; composition of varioas gases, 
181, 182; blast-furnace gas, washed and 
unwashed, 189; soot, 247; fire-clay, 313; 
ganister, 315 ; siliceous refractory ma- 
terials; graphites, 316; chromite, 317; 
magnesian limestone, 318; magnesite, 319; 
iKiuxite, 319; casting sands, 327; crucibles, 

329- 
Anthracite, 72; difficultly combustible, 13. 

Anthracitic coals, 71. 

Appolt coke oven, 105, 106 fig. 

Archer process of making oil-gas, 180. 

Arsenic in coal, 77. 

Artificial gas, 138. 

Ash, of coal, 76 ; in washed coal, 130. 

Assaying, crucible furnaces used for, 220. 

" Atmospheric condensers ", 184. 

Aydon's type of injector of liquid fuel, 

939 Sgs. 



Baly & Chorley's thermometer, 259. 

Basic substances, 309, 317 ; bricks, 325 ; 
basic brick press, 325 fig. 

Batho fiunace, the, 229, 230 fig. 

Battersea round crucibles, 329. 

Bauxite, 319. 

Becheroux furnace, the, 223. 

Beehive coke oven, 98, 99 fig.; sources of 
loss in, 103; prevention of loss in, 104. 

Berthelot-Mahler calorimeter, the, 289, 290 
and fig., 292. 

Berthelot's apparatus for calorimetry, 285. 

Berthier, process of calorimetry, 284 ; ex- 
periments in calorimetry by, 295. 

Birch, analysis of, 53. 

Bischof gas producer, 140 and fig. 

Bituminous coals, 66; classification of, 68. 

Bituminous wood, 65. 

Black-lead crucibles, 332. 

Blast or forced draught, 245. 

Blast-furnace, 202 ; type of gas producers, 
160; as a gas producer, 172; comparison 
of gas producer and, 174; the iron-smelt- 
ing, 203 and fig. ; conditions for satisfac- 
tory working of, 204; chemical action in, 
204 ; crushing fuel in, 205 ; fuel for, 205: 
iron-smelting, efficiency of, 207: for smelt- 
ing ores of lead and copper, 208 and fig. ; 
measurement of temperature of air sup- 
plied to, 265. 

Blast-furnace gas compared with producer- 
gas, 173; washed and unwashed, 174; 
analysis of, 189; treatment for by-pro- 
ducts, 190. 

Blind-coals, 71. 

Blowing-engines, 245. 

Boetius furnace, 223, 224 fig. 

Boilers, liquid fuel for, 239. 

Brasqueing crucibles, 334. 

Breguet's metallic thermometer, 255. 

Bricks, 309. 

Briquettes, 120; analysis of; manufacture 
of, 121; cost of making, 123. 

British Thermal Unit, 35. 

Brown coal, 65. 

B. T. U., British thermal unit, 35. 

BuW-dog, 319. 
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flame in, 34 ; cause of non-luminouty in, 

as- 
Bunsen on the rate of propagation of flames, 

26. 

Burner, two forms for liquid fuel, 239 figs. 

By-products from charcoal making, 89, 90; 
coke ovens in which recovered, 98; gas 
a, in blast-furnace, 173; nature of, 183; 
method of collecting, 184; recovery from 
coke ovens, 184, 185 flg. ; of distillation: 
tar and ammonia; value from Simon- 
Carves oven. 186: from gas producers, 
187 ; Gillespie plant for recovery from 
gas producers, 188 and flg.; treatment of 
blast-furnace gases for, 190; the Alex- 
ander & M'Cosh process for recovery of^ 
190, 191 and flg.; the Dempster process, 
193: the Gillespie plant, 193, and 194 flg. ; 
the Neilson process, 195; the Addie pro- 
cess, 196 and fig. 

Caking coal, 66; cause of in coal, 67. 

Calorie, 36. 

Calorific intensity, 48; formulse, 48-51. 

Calorific power, 39 ; of solid fuds, 4a ; of 
gascouH fuels, 45; at higher temperatures, 
47 ; furmuls, 47, 48; table of, 81 ; of 
briquettes, 121; of Mond gas, 171; of gas 
from coke-fed blast-furnaces, 173; of gas 
from furnaces fed with uncoked splint- 
coal, 173. 

Calorimeter, Rumford's; Berthelot's, 985; 
'I'homson's, 286 and flg. ; W. Thomson's 
oxygen, 288 and fig.; Berthelot- Mahler, 
289, 390 and fig.; Carpenter's, 391 and 
flg.; Junker's for fuel gas, 393, 393 and 

fig. 

Calorimetrj', 283-296; comparison of calcu- 
lated and determined results of, 294. 

Candle flame, 20 fig. 

Cannel coal, 72; formation of, 63. 

Carbon, combustion of, 15, 39; crucibles, 

334- 
Carbon dioxide in the gases a source of 

loss of heat in gas producers, 169. 
Carbon monoxide in charcoal, 83. 
Carnelly and Burton's pyrometer, 276 and 

fig. 
Carpenter's calorimeter, 291 fig. 

Casting sands, analysis, 327. 
Cast-steel, crucible furnaces used for mak- 
ing, 220. 
Cellulose, 53. 

Celsius scale of thermometer, 250. 
Centigrade scale of thermometer, 350; unit 

of heat, 36. 
Char, smithy, 102, 

Charcoal, 8j; properties of, 82-, composition 
of, 83: density: absorbent power, 8a; te 



a fuel, 83 ; red ; preparation in circular 
piles, 84 and fig.; in rectangular piles, 
86 and flg. ; theory of the process of burn- 
ing. 86; yield of, 87; charring in kilns, 88 
and flg. ; Pierce process of preparing, 89; 
yield of Pierce process ; comparison of 
methods of burning ; yield in retorts ; 
peat, 90; structure of compared with 
coke, 93; burning in circular piles, 84 fig.; 
in rectangular piles, 86 flg.; burning, 
theory of the process, 86. 

Charcoal burners, comparison of methods 
of, 90. 

Charcoal-iron, 83. 

Chemical composition of coa), 78. 

Chembtry, thermal, 35; laws of, 36. 

Cherry cool, 70. 

Chimney draught, 343. 

Chlorine in coal ; corrodes brass or copper 
tubes, 75. 

Chromite, 309 ; analysis, 317 ; used with 
serpentine, 3x7. 

C. I., calorific intensity, 48. 

Clay, pyramids used as flision pyrometers, 
37X ; for furnace-building; origin of, 310. 

Closed-bottom gas producers, 147. 

Qub-moBS, analysis of spores of, 54. 

Coal, definition, 59; geology, 60; structure, 
62; distribution; classification of, 64; lig- 
nite or brown, 65 ; bituminous ; caking, 
66; non-caking, 67; gas; furnace, 70; 
coking; anthracitic, 71; anthracite; can- 
nel, 72; passage from wood to, 73; water 
in ; sulphur in, 74 ; chlorine in ; phos- 
phorus in, 75 ; nitrogen in ; ash of, 76 ; 
rarer elements in; gas in, 77; weathering 
of; chemical composition of, 78; sulphur 
in, 94; selection of for coke-making, 95; 
non-caking, coke from, xx8 ; comparison 
of with coke, xso ; sorting small to sizes, 
X38; relative heating value of and petro- 
leum, 136: kind of suitable for blast- 
furnaces, 305. 

Coal areas of various countries, superficial, 

65 fig- 
"Coal-brasses", 74. 

Coal-gas, amount yielded by coal ; cost, 
138 ; analysis, 139 ; cost compared with 
coal, 139. 

Coal- washing, 134-130; object of; prin- 
ciple, 134; machines for; trough ma- 
chines, 125; Robinson washer, 126 fig.; 
jig machines, 126; the Lfihrig process, 
127 and fig ; fine coal jig, 128 fig. ; 
results, 129. 

Coke, properties of; soft; furnace, 91; 
&pec\?ve ^jratV\V3\ axva\'«j^ft.v, ^vwsw^V, den- 
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use; sulphur in, 94; nitrogen in; selec- 
tion of a coal for making; burning in 
heaps, 95; making in stalls, 96 fig.; 
theory of stall process of making, 97 ; of 
beehive oven process, 100; from non- 
caking coal, 100; production in Great 
Britain ; recovery-oven, reckoned not 
good for blast-furnace use, 118; recovery- 
oven, usually denser than beehive and 
duller; removal of sulphur from, 119; 
comparison of coal and, 120. 

Coke ovens, classification of, 97 ; beehive, 
98 ; dischiarging, loi fig. ; modifications 
of the beehive; the Welsh, 102; Connells- 
ville, 102, 103 fig.; sources of loss in 
beehive, 103 ; prevention of; Cox's, 104, 
X05 fig.; the Appolt, 105, xo6 fig.; the 
Copp^e, X07, 108 fig.; the Jameson, 108, 
X09 fig.; Pemolet, 109, xio fig.; Bauer, 
no, XII fig.; the Simon-Carves, 113 and 
fig.; the Otto-Hoffmann, 114, 115 fig.; 
the Semet-Solvay, 116, x 17 fig.; the Liir- 
mann, 117; comparison of, 118; recovery 
of by-products from, 184. 

Cokes, American, table of properties of, 
206. 

Coke stall, Silesian, 96 fig. 

Coking coals, 71. 

Coking in ovens, 97. 

Combustible, proportion, 13. 

Combustibles and supporters of combus- 
tion, 14. 

Combustion, definition of ; conditions which 
favour^ XI ; continuous; temperature of, 

. 74 ; complete and incomplete, 15 ; con- 
ditions of, 16; non-luminous, 23 ; amount 
of air required for, 31 ; products of, 33 ; 
formuls ; volume of products of, 34 ; of 
hydrogen; of carbon, 39; rate of in 

- various grates of reverberatory furnaces, 
215; removal of products of, 245; smoke- 
less, 245. 

Compounds, heat of formation of, 41. 

Conduction pyrometers, 275. 

Continuous coke oven, 117. 

*' Cooling-tube, the elevated ", 144. 

Copp^ coke oven, 107, 108 fig. 

Copper, in ash of peat, 58 ; in coal, 77 ; 

smelting ores of in blast-furnace, 208; 

ores, reverberatory furnace for calcining, 

211 fig. 
Cord of wood, 90. 
Comu-Le Chatelier pyrometer, 277, 278 

- and fig. 

pox's coke oven, 104, 105 fig. 
C. P., calorific power, 42. 
Crampton's method of burning powdered 
fuel, 341. 
Qvdbh furnaces, 220 and fig. 



Crucibles, 309, 327-336; 329 figs.; analysis, 
329, 332 fig. ; of graphite, 3x6; of carbon, 
317- 

Daniell's pyrometer, 253. 

Dawson gas producer, 160, 161 and fig. 

Degree of temperature defined, 250. 

Dempster process for recovery of by-pro- 
ducts, 192. 

Derbyshire fire-clay, 313. 

Deville and Troost's determinations of high 
temperatures, 260. 

Deville's experiments on rate of propagation 
of flames, 26. 

Dick gas producer, 162 and fig. 

Dinas bricks, manufacture of, 324. 

Dinas rock, acid, 309; for bricks, 316. 

Dissociation, 27; Deville's experiment with 
carbon monoxide and oxygen, 28 ; a source 
of loss of heat in gas producers, 169. 

Distillation of charcoal in retorts, 90; of 
coal, products of, x86; fractional, of tar, 
result of, 187; for production of ammonia; 
fractional, results from, for recovery of 
tar from blast-furnaces, 197. 

Distilling zinc, retort furnace for, 222 and 

fig. . 
Dolomite, 318; basic, 309; for furnace 

linings, 326. 
Dowson gfas producer, 152 and fig. 
Draught, chimney, 242; bjast or forced, 

245- 
Dunnachie's regenerative gas-kiln, 322, 323 

fig. 
Duplex gas producer, the Thwaite, 159 and 

fig 

Ebelmann's gas producer, 160 and fig. 

Efficiency in the reverberatory furnace, 217. 

Electric pyrometers, 280. 

Elements, rarer, in coals, 77. 

Endothermic reactions, 36. 

Energy, loss of in beehive coke oven, 103 ; 
prevention of, 104. 

E. P., evaporative power, 40. 

Etherley fire-clay, 313. 

Evaporative power, 40; formulae, 41. 

Excess of steam a .source of loss of heat in 
gas producers, 170. 

Exothermic reactions, 36. 

Expansion of solids a basis for pyrometers, 
253 ; of liquids for measuring temperature, 
256; of mercury, 257; of gases for measur- 
ing temperature, 259. 

Explosion, 27. 

" Explosion of the first order", 26. 

*' Explosions of the second order '\ 27. 
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the Thwaite small-power, i6a, 163 and 
fig.; the Thwaite duplex non-reversal, 
X63, 164 and fig.; use of steam in ; heat 
value of steam in, 165; calculation of 
c(Hnpositionof gasin, 167; sources of loss 
of heat in, x68: amount of loss of heat in; 
the working of, 170; for Mond gas, 171 ; 
the blast-furnace as a, 173; comparison 
c^and blast-furnace; worked at low pres- 
sure, 174; the Strong, 175; the Lowe, 176; 
water-gas plant at the Leeds forge, 176, 
177 and fig. ; the Loomb, 178 and fig. 

Gillespie plant for recovery of by-products, 
188 and fig., 193, 194 and fig.; yield of 
by-products firom; cost of, 195. 

Gjers kiln, the, 300, aox and fig. 

Glenboig fire-clay, 3x3; regenerative gas- 
kihi at, 322, 323 fig. 

Gorman's heat-restoring gas furnace, 333 
and fig. 

Graphite, 309, 316. 

Greatest energy, law of, 38. 

GrOnex's cl assification of Utuminous coals, 
68. 

Hearth, 209; refinery, 309 fig.; the, in re- 
verberatory furnace, 3x0^ six fig. 

Heat, measurement of, 348, 383; unit of, 
35; carried away gases, 34; of formation 
of compounds, 4x; loss of in ash, 80; loss 
of in beehive coke oven, 103; prevention 
of, X04; heat value of steam in gas pro- 
ducers, 265; lost in gas producers by 
being carried away in gases, 168; sources 
of loss of in gas producers, 168, 169 ; in 
the reverberatory furnaces, 216; balance- 
sheet of, 217; in regenerative furnaces, 

a34; 

Heating by contact or radiation, 30. 

Heating power of fuels, 35-51; of natural 
gas, 137. 

Heating values, relative, of petroleum and 
coal, 136. 

Hessian crudbles, 329. 

Hot blast, the, 209 and fig. ; Wiborg's pyro- 
meters for> 263 and figs. ; Frew's pyro- 
meter for, 267 ; Krupp's pyrometer for, 
a74f 275 and fig. 

Howson gas producer, 158, 159 and fig. 

Hydrocarbons, combustion of, 16. 

Hydrogen, combustion of, 39 ; available, 
43; and carbon, comparison of, 50. 

Ideal furnace, the, 232. 
Ignition of coal, spontaneous, 78. 
Ingham gas producer, X56, 157 fig. ; amount 
of gas produced, 157. 
Injectors for liquid fuel furnaces, Aydon's 
type, ajg aad figs. 



Intermittent coke ovens, 97. 

Iodine in porcelain globes used to determine 
high temperatures, 260. 

Iron, in ash of peal, 58 ; oxide of, in fire- 
clay, 312, 313; in ganister, 315. 

Iron-ore kiln, Scotch, 200 and fig. ; Gjers, 
200 and 201 fig. 

Iron-ores for furnace linings, 319. 

Iron-smelting blast-furnaces, 203 and fig.; 
efficiency of, 207. 

Jameson coke oven, 108, 109 fig. 

Jig coal -washing machines, i26-X29 and 

figs. 
Jourdes' conduction pyrometer, 276. 
Junker's calorimeter, 292, 293 and fig. 

Kaolin, 310. 

Kerosene, 134. 

Kilns, charring in, 88 ; American charcoal 

kiln, 88 fig. ; Scotch iron-ore, 200 and fig. ; 

the Gjers ; the Otto-Hoffmann, 201 and 

figs. 
Krupp's pyrometer, 274, 275 and fig. 

Lead, smelting of ores in blast-furnace, 208 
and fig. 

Le Chatelier pyrometer, 281. 

Lewes, Prof., researches into luminosity of 
gas flame, 20; experiments in calorimetry, 
296. 

Light intensities, temperatures correspond- 
ing to, 278. 

Lignite or brown coal, 65; analyses of, 66. 

Liquid fuel, furnaces for, 237. 

Liquids, expansion of for measuring tem- 
perature, 256. 

Lime as a refractory material, 309; cru- 
cibles, 335. 

Limestone part of the charge in blast- 
furnaces, 172. 

Livesey scrubber, the, 185. 

London round crucibles, 329. 

London triangle crucibles, 329. 

Loomis water-gas producer, 178 and fig. 

Lowe gas producer; for production of 
illuminating gas, X76. 

Luminosity of flame, 18; cause of, 18, 19; 
of gas flame, Profs. Lewes' & Smithells* 
researches into, 20. 

Lurmann coke oven, 117. 

Magnesia, mantle or comb of, used with 

water-gas, 179. 
Magnesite, basic, 309, 318; analyses, 319. 
Magnesite bricks, 325. 
Magnesium limestone, 309; analyses, 318. 
Mars\Y-gas axi^ ovj^wi «x^QivN^^ -vv* vbl 
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Meiler, 86, 88, 90. 

Mercury, expanston of, 357 ; thermometer, 

356. 
Mesure and Noel's pyrometer, 379 and fig. 
Metals suitable for fusion pyrometers, 371. 
Millstone-grit, a fire-stone, 309. 
Mineral oils 131. 

Mixtures, method of in pyrometry, 373. 
Mond gas, composition; calorific power; 

gas producers, 171. 
Mond's gas-fire, 333 and fig. 
Morgan's annular hot-air furnace, aso and 

fig. 
Mortars, 326. 

•' Mother of coal**, 63, 64. 

Muffle furnaces, 333 and fig. 

Murrie's pyrometer, 368, 373, 374 and fig. 

Naphthas light and heavy, 133, 134. 
NcKativc heat of formation, bodies with, 46. 
Neutral hul)s(ances, 309, 316. 
NitroKcn in coal, 76; in coke, 95: in de- 

stnictivc distillation uf coal, 197. 
Non-cukiuK coal. 67: long flame, 69. 
Nutwa-shcrs, 138, 139 and fig. 

Oak, analysis of, 53. 

Oil forge, Thwaitc's, 339, 340 fig. 

Oil furnace as applied to a steam boiler, 
340 fig. 

Oil-jjas, 180. 

Oils, natural, analyses; occurrence, 131; 
obtained from wells; origin, 133; pre- 
pared by distillation, 133 ; light and 
heavy, 1^3, 134 ; crude ; creosote; as 
fuels; advantages of, over solids as fuels, 
1J4; disadvantages; cost; future of, 135. 

Optical pyrometers, 277. 

Ore-hearth, the Scotch, 2io. 

Otto-Hoffmann coke oven, 114, X15 fig.: 
kiln, the, 200, 201 and fig. 

Ovens. See Coke ovens. 

Oxygen calorimeter, 288 fig. 

Parrot coals, 72. 

Passage from wood to coal, 73. 

Peacock coal, 72. 

Peat, 56 ; composition ; ash, 57 ; density ; 

cutting and preparing; as fuel, 58. 
Pernolet coke oven, 109, i \o fig. 
Petroleum, occurrence, 131; origin, 132; 

di.stilled, 133; and coal, relative heating 

values of, 136. 
Phosphorus in coal, 75. 
Pierce process of preparing charcoal, 89. 
Y'lnisch process of making oil-gas, 180. 
Pitch coal, 65. 
Plumbago crucibles, 332. 
Ponsard furnace, 233, 



Poole fire-clay, 3x3. 

Power, calorific 39; cvapoimtiYe, 40. 

Producer-gas, 139; calorific power, of ; en- 
riched; producers, 140; analysis of firom 
Siemens' producer, 142; compared with 
blast-furnace gas, 173; compared with 
water-gas, 179; washing of, 189. 

Products of distillation of coal, 186; of 
combustion, removal of, 345. 

Propagation of flame, 25. 

Puddling furnace, 313, 314, 316, 317. 

Pyrites, in coal, 74 ; effect on the weather- 
ing of coal, 78; as fuel, 80; removal from 
coal, 139. 

Pyroligneous add, 9a 

Pyrometer, conditions for a good, 251 ; 
Daniell's, 253; Sch&ffer and Budenberg's, 
354 and fig., 355; Thwaite's periodic dila- 
tation, 256 and fig. ; Heisch and Folkard's, 
263 fig. ; Wiborg's, 262, 263 and fig. ; 
Wiborg's, aneroid form of, 264 and fig.; 
Frew's, 265, 266 and fig. : Murrie's, 268 ; 
Siemens*. 273 and fig. ; Murrie's, 373, 274 
and fig.; Kruf^'s, 374, 375 and fig.; Car* 
nelly and Burton's, 376 and fig. ; Cornu- 
Le Chatelier, 377, 278 and fig.; Mesure 
and Noel's, 379 and fig.; the Siemens 
electric, 380; the Le Chatelier, 381. 

Pyrometers, air, 359; vapour-tension, 267; 
fusion, 370; specific heat, 372; conduc- 
tion, 375; optical, 277; electric, 28a 

Pyroraetric effect, 48. 

Pyroroetric methods, properties which have 
been used for, 353. 

Pyrometry, 248-283 ; method of mixtures, 
272. 

Quartzite, a fire-stone, 309. 

Radiation of heat from gas producers 
utilized in heating the air, i6q; a source 
of loss of heat in gas producers, 169. 

Radiators, gases are bad ; carbon and 
water vapour good, 30. 

Reaumur scale of thermometer, 250. 

Recovery of by-products, 183-198. 

Recuperators. See /Regenerators. 

Refractory materials, 309-336. 

Regenerative furnace, the Siemens, 141, 
224 and figs. ; new form of, 230, 231 and 
fig.; other forms, 233; thermal efficiency 
of, 234. 

Regenerative gas-kiln at Glenboig, 322. 

Regenerators, in Simon-Carves coke oven, 
113 and fig.; in Otto-Hoffmann coke- 
ovew, \\^, \v«> ^^.\ ^w i».wd. ^aLS» in Sie- 
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230 ; in the ideal furnace, 233 ; in the oil 
forge, 233; action of, 233; position of, 234. 

Regnault's determinations by air-thenno- 
meter, 259. 

Retort type of coke oven, 98. 

Retort furnaces, 322, 223 and fig. 

Reverberatory furnace, the, 210, 2xx fig* 

Reversibility, law of, 38. 

Revolving-bottom gas producer, the Tay- 
lor, 157, 158 and fig. 

Roasters, close, 222; in reverberatory fur- 
naces, 2x2. 

Robinson coal- washer, X26 and fig. 

Root's blowers, used with apparatus for 
recovery of by-products from coke ovens, 
185: used in the Alexander & M'Cosh 
plant, 192; used in Gillespie plant, 195. 

RothkOhle, 84. 

Rumford's calorimeter, 285. 

Salamander crucibles, 334. 
Sands for casting, analyses, 327. 
Sandstone, a fire-stone, 309. 
Schaflfer and Budenberg's pyrometer, 254 
and fig., 255 ; thalpotassiraeter, 269 and 

fig. 
Scrubber, the coke, 184. 

Semet-Solvay coke oven, ii6, X17 fig. 

Shale oils, 134. 

Shale separated from coal by washing, 1 29. 

Shiel gas producer, the, 152. 

Siemens', Frederick, furnace, 229 and fig. 

Siemens furnaces, hearths for, 326. 

Siemens' gas producers, 141-148 and figs. 

Siemens' regenerative furnace, 224-229 and 
figs. ; new form of, 230, 231 and fig. ; 
pyrometer, 273 and fig. ; electric pyro- 
meter, the, 280. 

Silica, in clay, 310, 312, 313; in ganister, 

315- 
Silica bricks, 323; manufacture of, 324. 

Siliceous materials for bricks, 3x6. 

Simon-Carves coke oven, 113; 112, 113 figs. 

Simplex gas producer, the Thwaite, 150, 

151 and fig. 
Skittle-pot, 329. 
Smalls, 124. 
Smithell's, Prof., researches into luminosity 

of gas flame, 20. 
Smithy char, 91, 92, 102. 
Smoke, 245; cause of, 29; indicates loss of 

fuel, 30; prevention of, 245, 247. 
Smokeless combustion, 245. 
Snelus on composition of fire-clay, 313. 
Solar oil, 134. 

Solid-bottom gas producers,. 153. 
Solid fuel, furnaces for, 199. 
Solids, expansion of for measuring tem- 
perature, 255. 
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Soot, analysis of, 247. 

Splint coaU, 69. 

Stalls, coke-making in, 96 fig. 

Stannington fire-clay, 3x3. 

Steam, use of in gas producers, 165. 

Steam-coals, smokeless, 71. 

Steam jet in gas producer, 147; Siemens, 

148 and fig. ; Thwaite, 149, 150 and figs.; 

Siemens, results of experiments with, 

X49; rationale of its action, X49. 
Steam jets, 245. 
Steel furnace, Mond gas used for heating, 

X71. 
Stetefeldt furnace, the, 218, 2x9 fig. 
Stourbridge fire-clay, 313. 
Straw as fuel, 56. 
Strong gas producer, X75. 
Sulphur in coal, 74: in coke, 94; removal 

from coke, 1 19. 
Supply of air to . the fumace—removal- of 

waste products — smoke — prevention of 

smoke, 242-248. 
Supporters of combustion, X4. 
Sweating stage in charcoal burning, 85. 

Tar, oil from blast-furnace, 134: composi- 
tion; amount obtained from Simon-Carves 
oven, x86 ; destructioii of in Siemens gas 
producer, 145, 146 and fig.; result of 
fractional distillation of, 187 ; recovered 
by Gillespie plant from gas producers, 
x88; yield from Alexander & M'Cosh 
plant, 192 ; from blast-furnaces, X96 ; re- 
sults from fractional distillation of, 197. 

Tar and ammonia, apparatus for recovery 
of from coke-oven gases, 185 fig. 

Tarry matters, destruction of in Thwaite 
gas producers, xsi; in Wilson gas pro- 
ducer, 154; in the Thwaite duplex pro- 
ducer, X59 ; deposited by cooling gases, 
carried over by heating gases, 170; in the 
regenerators, 234. 

Taylor revolving-bottom gas producer, 157, 
158 and fig. 

Temperature defined, 248; measurement 
of, 248 ; of combustion, 14 ; of flame in 
Bunsen burner, 24 ; of preparation and 
ignition of charcoal, 82 ; determined by 
air thermometer, 259; by iodine in por- 
celain globes, 260; by vapour tension, 
267; by fusion, 270: by conduction, 275; 
by comparison of lights; change of colour, 
277: by rotation of the plane of a ray of 
polarized light, 279; of air to blast-fur- 
naces, measurement of, 265; fixed points 
of, 282; photographic record of in Le 
Chatelier pyrometer^ 281,. 

Tesungdav, ^-iS- 
TVva\poX.ass\meVtx ^ >^t , -itsKi ^^^^ ^"S.- 
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Thermal chemistry, 35; laws of, 36. 
Thermal efficiency of regenerative furnaces, 

234- 
Thermo-chemical notation, 36. 

Thermometer, Breguet's metallic, 255; mer- 
cury, 356 ; air, 361, 363 and fig. ; deter- 
mination of high temperatures by ; Baly 
and Chorley's, 359; Heischand Folkard's, 
261, 363 and fig. 

Thermometers, various scales of, 350; con- 
trasted, 351. 

Thomson's, W., oxygen calorimeter, 388 
and fig., 393. 

Thomson's calorimeter, 386 and fig. 

Thwaite duplex non-reversal gas generator, 
163, 164 and fig.; oil-fired forge, 339, 340 
fig* : pyrometer, 256 and fig,; simplex gas 
producer; twin, 150, 151 and figs.; duplex, 
159 and fig. ; small-power gas generator, 
163, 163 and fig. ; steam jet, annular, 149 
fig. ; Thwaite's calculations of efficiency 
of the regenerative furnace, 237; diagrams 
of efficiency of the regenerative furnace^ 
238. 

Titanic acid in fire-clay, 313, 314. 

Torbanite, or Torbanehill mineral, 59. 

Trough coal- washing machines, 125. 

Tuyeres in iron-smelting blast-furnaces, 
203; in hearths, 209; in the hot blast, 209 
and fig. 

Twin gas producer, the Thwaite, 151 and 

fig. 

Unit of heat, 35 ; of temperature, method 
of determining, 250. 

Valves in Siemens' steel-melting furnace, 

228 and fig. 
Vanadium in coal, 77. 
Vapour-tension pyrometers, 267. 



Washers, Gillespie's, in plant for recovery 
of by-products, 193, 194 and fig. 

Water in coal, 74. 

Water-bottom gas producers, 156, 160. 

Water-gas, 175 ; plant at the Leeds forge, 
176, 177 and fig.; cost of, 178; nature of; 
calorific power of; compared with pro- 
ducer-gas, 179; poisonous and odourless; 
means to obviate danger, 180. 

Water-jacket, used in lead-smelting fur- 
naces, 208 and fig. 

Water-jacketed walls in refinery hearth, 
209. 

Water-oil-gas, 180. 

Weathering of coal, 78. 

Welter's law, 51. 

Wiborg's pyrometer, 362, 263 and fig.; 
aneroid form of, 264 and fig. 

Willow, analysis of, 53. 

Wilson gas producer, 146, 154, 155 and 
figs. ; automatic, 156 and fig. 

Wishaw gas producer, 152, 153 fig. 

Wood, 52; composition of, 53; water in; 
distillation of, 54; ash of; specific gravity 
of ; as a fuel, 55. 

Woods, relative value of various as fuel, 

56. 
Woody matter transformed to coal, 74. 

Working the gas producer, 170. 

Yorkshire finery, the, 210. 
Young and Beilby apparatus for obtaining 
ammonia, 198* 

Zero of thermometers, 250; absolute, 257; 

displacement of, 258. 
Zinc, retort furnace for distilh'ng, 222 and 

fig. 
Zinc blende in coal, 77. 
Zirconia, comb or mantle of, used with 

water-gas, 179. 
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by Margaret R. Thomson. Edited by J. Arthur Thomson, m.a., 
F.H.S.E.. With 83 Illustrations. Royal 8vo, cloth extra, gilt top, 3iJ. 

Callan, Hugh— From the Clyde to the Jordan : 

Narrative of a Bicycle Journey. By HUGH Callan, m.a., Author 
of " Wanderings on Wheel and on Foot through Europe". With 30 
Illustrations. Crown 8vo, cloth extra, dr. 

Chisholm, George G.— A Pronouncing Vocabulary of 
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number; with Notes on Spelling and Pronunciation, By GEORGE 
G. Chisholm, m.a., b.Si. F'cap 8vo, cloth, is. bd. 

Jolly, William — The Realistic Teaching of Geo- 
graphy: Its Principles, the Correction of Prevalent Errors, and 
Examples of Methods. By William Jolly, F.R.S.E., f.g.s. Crown 
8vo, cloth, IJ. 
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Synoptical Geography of the World: A Concise 

Handbook for Examinations, and for General Reference. With a 
Complete Series of Maps. Crown 8vo, cloth, is. 

Thomson, J. Arthur— From North Pole to Equator. 
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Wilkins, W. — Australasia; A Descriptive and Pictorial 

Account of the Australian and New Zealand Colonies, Tasmania, 
and the adjacent Lands. By W. Wilkins. Illustrated. Crown 
8vo, cloth, 2s» dd, 

Wilson, Anne C. (A. C. Mac Leod) — ^After Five Years 

IN INDIA: or. Life and Work in a Punjaub District. By 
Anne C Wilson (A C Mac Leod). With i6 full-page Illustra- 
tions. Crown 8vo, cloth extra, dr. 



"Mrs. Wilson's powers of observation are 
keen, and her little vignettes of native life and 
character are well done." — Th4 Standard. 

*' These impressions and experiences are well 



calculated to fulfil all thdr purposes in a modest 
and unpretending way, and especially to make 
readers at home understand what life in British 
India is really like." — Timet. 



Zehden, Dr. Karl — Commercial Geography. A Com- 
plete Manual of the Countries of the World. By Dr. Karl Zehden, 
Professor of Geography and Commerce in the Handels-Akademie, 
Vienna; translated by Findlay Muirhead, m.a. JVea/ Edition, 
Revised and corrected to date. With Map of the Chief Trade 
Routes. Crown 8vo, cloth, 5^. 



HISTORY 

Archer, Thomas — The War in Egypt and the Soudan. 

An Episode in the History of the British Empire. By Thomas 

Archer. Four volumes, super-royal 8vo, cloth elegant, 38^. nett. 

There could scarcely be a more exciting story than that which recounts the events of 
this important episode in British history — a story which tells of heroic endurance and 
of brave achievements by the men of the army and the navy of Britain. 

Berens, E. M. — Myths and Legends of Ancient Greece 

and ROME. A Handbook of Mythology, for Schools and 
Private Students. By E. M. Berens. Illustrated from Antique 
Sculptures, New Edition. F'cap 8vo, cloth, red edges, 2s. 6d 
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Hassall, Arthur — The Making of the British Empire, 

A.D. 1 7 14-1832. By Arthur Hassall, m.a., Senior Student and 
Tutor of Christ Church, Oxford. F'cap 8vo, cloth, u. 

Henty, George A. — Historical Romances. Illustrated. 



A Jacobite Exile: Being the Adventures 

of a Young Englishman in the Service 

of Charles XII. of Sweden. 55. 
A Knight op the White Cross: A 
' Tale of the Siege of Rhodes, dr. 
Bbric the Briton: A Story of the 

Roman Invasion. 6j. 
Bonnie Prince Charlie: A Tale of 

Fontenoy and Culloden. 6j. 
By England's Aid : or, The Freeing of 

the Netherlands, dr. 
By Pike and Dyke : A Tale of the Rise 

of the Dutch Republic, dj. 
By Right op Conquest: or, With 

Cortes in Mexico, dr. 
By Sheer Pluck: A Tale of the Ashanti 

War. 5J. 
For Name and Fame: or, Through 

Afghan Passes. 5r. 
For the Temple: A Tale of the Fall of 

Jerusalem. 65. 
Held Fast for England: A Tale of 

the Siege of Gibraltar. 5r. 
In Freedom's Cause: A Story of 

Wallace and Bruce, dr. 
In Greek Waters: A Story of the 

Grecian War of Independence (1821- 

1827). df. 
In the Reign op Terror : Adventures 

of a Westminster Boy. 5^. 
Maori and Settler: A Story of the 

New Zealand War. 5J. 
One op the 28th : A Story of Waterloo. 

Orange and Green: A Tale of the 

Boyne and Limerick. 55. 
St. Bartholomew's Eve: A Tale of the 
Huguenot Wars. 6s. 



\ 



St. George for England: A Tale of 
Cressy and Poitiers. 5J. 

The Bravest of the Brave : or. With 
Peterborough in Spain. 5^. 

The Cat op Bubastes : A Story of An- 
cient Egypt. 55. 

The Dash for Khartoum : A Tale oi 
the Nile Expedition. 6s, 

The Dragon and the Raven: or, 
The Days of King Alfred. 55. 

The Lion op St. Mark: A Tale of 
Venice in the 14th Century, dr. 

The Lion op the North : A Tale of 
Gustavus Adolphus. dr. 

The Tiger op Mysore : A Story of the 
War with Tippoo Saib. dr. 

The Young Carthaginian : A Story oi 
the Times of Hannibal. 6s. 

Through Russian Snows : A Story oi 
Napoleon's Retreat from Moscow. $5. 

Through the Fray: A Story of the 
Luddite Riots, dr. 

Through the Sikh War: A Tale ol 
the Conquest of the Punjaub. dr. 

True to the Old j^lag : A Tale of the 
American War of Independence, dr. 

Under Drake's Flag: A Tale of the 
Spanish Main. dr. 

When London Burned: A Story of Re- 
storation Times and the Great Fire. 6s, 

With Clive in India : or, The Begin- 
nings of an Empire, dr. 

With Lee in Virginia : A Story of the 
American Civil War. dr. 

With Wolfe in Canada: or. The Win- 
ning of a Continent. 6s. 

man Cotic^<^X. ^&. 
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:UTT0N, W. H.— King and Baronage, a.d. 1135-13: 

By W. H. HUTTON, M.A., Fellow and Tutor of St. John's College, 
Oxford. F'cap 8vo, cloth, n. 

Johnston, Alexander — The United States: Its His- 

TOKY AND constitution. By ALEXANDER JOHNSTON, 
laie Professor of Jurisprudence and Political Economy in Princrton 
College, N.J. Crown 8vo, cloth, 4^, dd. 

'• W» dg nai IhinV ihu we havt evtt mel I ihr uune liie ot ih= hinory of the Anieriaii 
^hs raort Mliifunory iLeidi of BDyihiiie like I cammDDweallh." — SalurJay Xrvieu/. 

London, Past and Present, Being Notices, Historical 
and Descriptive, of Ancieot and Modern London. Illustrated. F'cap 
8vo, cloth extra, is. (ni 

Oman, C. W. C— The Hundred Years' War, a.d. 132S- 

1485. By C. W. C. Oman, M.A. F'cap 8vo, cloth, \j. 

\ Oxford Manuals of English History, The, Edited 
by C. W. C. Oman, m.a., Fdlow of All Souls College, Oxford. In 
fcap 8vo volumes, with Maps, &c., cloth, u. 





No. IV.-Ehglamd and thb Setokijat 


TIOB, B.C. js-«.i>. 1I3S- By C, G. Roskst- 




KM, B.A., Fellow Df All Souli CollECe. 


formerly Schobu- of New CoUegc [/,> 


O. II.— KinC AND Bakohikgb, a.d. 113^ 
O^a. ByW. H. HaTrOH,H.A., Fclhwim.1 
Tulor of Si. John'i College. 


.7,4. ByG. H.WAltKLIKG, M.1.,L=« 

b Hiitoiy at Wndlisin College. 

No. VI.-THH MaK.HC Of THB Eb.twh 






13a8-.4Bj, ByC. W. COmah. H.A.,Edilor 




of the Series. WfrtfarnluH. 


Church. 



Ploetz, Carl— An Epitome of History, Ancient, 

MED1.«VAL, AND MODERN. For School, CoUege, and 
General Reference, By CARL PLOETZ. Translated with extensive 
additions by William H. Tillinghasi', Harvard College, Cam- 
bridge, U.S.A. Post 8vo, cloth, -js. td. 

Powers, G. W. — England ft-tiD t^-e ^ls-yorm^tion, a.d. 

1485-160;}. By G. W. PoWtLRB, M.K., ^uimeYVi ^Oaq\-m sA -Sktw 

CoUege. F'cap 8vo, cloth, is. V" tiTcl^n.atioi 
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Robertson, C. G. — The Making of the English Nation, 

B.C. 55-A.D. 1 135. By C. G. Robertson, b.a.. Fellow of All Souls 
College, Oxford. F'cap 8vo, cloth, u. 

Sanderson, The Rev. Edgar— A History of the 

BRITISH EMPIRE. For the use of Colleges and Schools. By 
Edgar Sanderson, m.a. With Illustrations, Genealogical Tables, 
Maps, and Plans. 468 pp., foolscap 8vo, cloth, red edges, is, 6d. 

"A model of terse succinct narration and I basis for the more advanced and scientific study 
luddity of arrangement It is an excellent I of history." — Scotsman. 

Sanderson, The Rev. Edgar — Summary of British 

history, a clearly arranged, briefly put Epitome for Examina- 
tion Candidates. By the Rev. Edgar Sanderson, m.a., sometime 
Scholar of Clare College, Cambridge. Crown 8vo, cloth, is, 

Sanderson, The Rev. Edgar — Outlines of the 

WORLD'S history, ANCIENT, MEDIAEVAL, AND MOD- 
ERN, with special relation to the History of Civilization and the 
Progress of Mankind. By Edgar Sanderson, m.a., late Scholar of 
Clare College, Cambridge. With numerous Illustrations and Eight 
Coloured Maps. 664 pp., crown 8vo, cloth, red edges, 6s, 6d, 

Also separately:— Part I., Ancient Oriental Monarchies, 
cloth, IS, Part II., Greece and Rome, cloth, 2s, Part III., 
MEDiiEVAL History, cloth, is. Part IV., Modern History, 
cloth, 2s, 6d, 

TiLLINGHAST, WiLLIAM H. — AN EPITOME OF HISTORY. 
See above under " Ploetz ". 

Wakeling, G. H. — King and Parliament, a.d. 1603- 

17 14. By G. H. Wakeling, m.a.. Lecturer in History at Wadham 
College, Oxford. F'cap 8vo, cloth, is. 

Wills, Herbert— A Synopsis of English History: or, 

HISTORICAL NO^E BOOK. Compiled by Herbert Wills. 
Crown 8vo, cloth, 2s, 

Wills, Herbert — A Synopsis of Scottish History: 

or, HISTORICAL NOTE BOOK. Com^\\s.^ Xs^i ^^ik^^^s:^ 
Wills. Crown 8vo, cloth, 2s, 
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dison's Sir Roger de Coveklev. Selected from TA» '• 
spectator. Edited by FANNIE Wilcroft, Qoih, is. 
Alcott, Miss — Little Women. Strongly bound in 
cloth, \s. 4i/,; cloth extra, with illustration, is. 6<i 

Alexander, Mrs. — A Dozen all Told. A Series of 

Stories by Mrs, Alexander and other Popular Writers, Crown 
8vO| cloth extra, d;. 

Anson's Voyage Round the World. Strongly bound 

in cloih, IJ. 4/^.; cloth extra, with illustration, \s. 6d. 

Archer, Thomas — Our Sovereign Lady Queen Vic- 
toria: Her Life and Jubilee. By Thomas Archer. Four vols., 
royal 8vo, cloth, gilt edges, jbs. nett. 

Austen, Jane— Northanger Abbey. Strongly bound in 
cloth, \s. 4J.; cloth extra, with illustration, is, 6d. 

Autobiographies of Boyhood. Strongly bound in cloth, 
IJ. 4//.; cloth extra, with illustration, is. 6d. 

Baring-Gould, S. — Grettir the Outlaw: A Story of 

By S. Baring-Gould. With 6 full-page Illustrations by 
Coloured Map. Crown Svo, cloth elegant, 4J. 

Basket of Flowers, The. Strongly bound in cloth, i j. ^d.; 

cloth extra, with illustration, is. dd. 

Baynham, G. W. — Elocution. Selections from leading 
Authors and Dramatists. By 0. W. BavnhAM. Seventh Edition. 
Crown Svo, cloth, 2s. dd. 

Betham-Edwards, M. — Passages in the Life of a 
GALLEY-SLAVE. Translated from the French by M. Betham- 
Edwards. Strongly bound in cloth, IJ. i^.; cloth extra, with illus- 
tration, ij. &/. 

^RON, The Hon. John — The Wreck of the " Wager ", 

AND SUBSEQUENT MJVIE.'NTIJ'RY.S O^ 'At^ C-ftX^K. 
Strongly bound in cloth, is. 4^-; cVo^^a ewta., -^'vC.. \\\vi«.tw:^t.(v, ^.. ^a 
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Cabinet of Irish Literature, The. A Book of Selec- 
tions from the principal Irish Writers. Edited, with Biographical 
Sketches and Literary Notices, by Charles A Read, F.R.H.S., 
author of " Tales and Stories of Irish Life ", &c. Illustrated by a 
series of 32 fine Portraits in mesochrome, specially prepared for this 
work. Four vols., super-royal 8vo, cloth elegant, 34J. 

Caird, Mona— a Dozen all Told. A Series of Stories 

by MoNA Caird and other Popular Writers. Crown 8vo, cloth 
extra, 6s, 

Carlyle, Readings from. A selection of representative 

extracts from the works of Thomas Carlyle. Edited, with Introduc- 
tion and Notes, by W. Keith Leask, m.a., late Scholar of Worcester 
College, Oxford. Crown 8vo, cloth, 2s. 6d, 

Chambers, Edmund K. — English Pastorals. With an 

Introduction by Edmund K. Chambers, b. a. Crown 8vo, cloth, ^s. 6d, 

Coolidge, Susan — ^What Katy Did. By Susan Cool- 

IDGE. Strongly bound in cloth, is. 4d.; cloth extra, with illustration, 
IS. 6d. 

Coolidge, Susan — What Katy Did at School. By 

Susan Coolidge. Strongly bound in cloth, is. 4d.; cloth extra, 
with illustration, is. 6d. 

Cooper, J. Fenimore — The Pathfinder. Strongly bound 

in cloth, IS. 4d.; cloth extra, with illustration, is. 6d. 

Cooper, J. Fenimore — The Deerslayer. Strongly bound 

in cloth, IS. 4d.; cloth extra, with illustration, ij. 6d. 

Cummins, Miss — The Lamplighter. Strongly bound in 

cloth, IS. 4d.; cloth extra, with illustration, is. 6d. 

Dampier, William — Life and Adventures of William 

DAMPIER, with a History of the Bucaneers of America. Strongly 
bound in cloth, is. 4d.; cloth extra, with illustration, is. 6d. 

Dana, R. H. — Two Years Before the Mast. A Personal 

Narrative of Life at Sea, By R. H. DANA. Strongly bound in cloth^ 
IS. 4d.; cloth extra, with illustration, is. 6cL 

[22] 



GENERAL UTERATV RE—Cmiinued. 

Dickens, Charles — The Old Curiosity Shop. In two 

volumes, Strongly bound in cloth, ii. 4^. each. 
DowDKN, Edward — Introduction to Shakespeare. By 
Edward DowdeN, L[ii.d., i,l.d., Professor of English Literature in 
the University of Dublin. Illustrated. Crown 8vo, cloth, 21. bd. 

Dozen all Told, A. A Series of Stories by W. E. Norris, 
Mrs. Alexander, F. W. Robinson, Mona Caird, G. A. Henty, Helen 
Mathers, G. R. Sims, Florence Marryat, William Westall, John 
Strange Winter, F. Boyle, Adeline Sergeant With 12 Illustrations 
by eminent Artists. Crown Svo, cloth extra, df. 

Drake and Cavendish — The Lives and Voyages of 
the famous navigators, drake and cavendish. 

Strongly bound in cloth, is. 41/.; cloth extra, with illustration, \s. 6ii 

Edgeworth, Maria— The Good Governess. Strongly 

bound in cloth, i^r. 4//.; cloth extra, with illustration, is. 6d. 

Edgeworth, Maria — Moral Tales. Strongly bound in 

cloth, IT. 4d.; cloth extra, with illustration, If. dd. 

Fenn, George Manville — Dick o' the Fens: A 
Romance of the Great East Swamp, By G. Manville Fenn. 
With 13 page Pictures by Frank Dadd. Crown Svo, cloth elegant, 
olivine edges, fn. 

Fenn, George Manville — Devon Boys: A Tale of the 

North Shore. By G. Manville Fenn. With 12 page Illustrations 
by Gordon Browne. Crown Svo, cloth, olivine edges, 6^. 

Fenn, George Manville — The Golden Magnet: A 

Tale of the Land of the Incas. By G. Manville Fenn. With 12 
page Pictures by GORDON Browne. Crown 8vo, cloth elegant, 
olivine edges, 6j-. 

Fenn, George Manville — In the King's Name: or, 

Tbe Cruise of the Kestrel. By G. MANVILLE Fenn. With ii page 
I Pictures by Gordon Browne Ciomn ^-jq, tXo'ii (ittanv, Oi-s' 
I edges, 6s. 
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Fenn, George Manville — Nat the Naturalist: A 

Boy's Adventures in the Eastern Seas. By G. Manville Fenn. 
With 8 page Pictures by GORDON Browne. Crown 8vo, cloth 
elegant, olivine edges, 5^. 

"This book encourages independence of I boy to keep his eyes open." — Saturday Re- 
character, develops resource, and teaches a I view. 

Fenn, George Manville — Bun yip Land: Among the 

Blackfellows in New Guinea. By G. Manville Fenn. With 6 
page Illustrations by Gordon Browne. Crown 8vo, cloth ele- 
gant, 4$; 



" One of the best tales of adventure produced 
by any living writer, combining the inventive- 
ness of Jules Verne, and the solidity of character 



and earnestness of spirit which have made the 
English victorious in so many fields of research.** 
— Daily Chronicle. 



Fenn, George Manville — Brownsmith's Boy: A Ro- 
mance in a Garden. By G. Manville Fenn. With 6 page Illus- 
trations. Crown 8vo, cloth elegant, y. 6d. 

Forsyth, John — The Practical Elocutionist. By 

John Forsyth. Containing interesting Lessons on the theory and 
practice of Elocution, Gesture, &c. With new recitations. Crown 
8vo, cloth, 2J. 6d. 

Goldsmith, Oliver — The Vicar of Wakefield. Strongly 

bound in cloth, is. 4^. ; cloth extra, with illustration, is. 6d, 

Gore, Mrs. — The Snowstorm. Strongly bpund in cloth, 

IS. 4d. Cloth extra, with illustration, is. 6d. 

Hall, Captain Basil — The Log of a Midshipman. 

By Captain Basil Hall, r.n. Strongly bound in cloth, is. 4^.; 
cloth extra, with illustration, is. 6d. 

Harraden, Beatrice — Things Will Take a Turn. 

By Beatrice Harraden. Author of "Ships that Pass in the 
Night ". Illustrated. Crown 8vo, cloth extra, 2s. 6d. 

Henty, G. a. — Tales of History and Adventure. 

See List on page 5. 
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Hogg. James — The Works of James Hogg, the Ett- 

RICK SHEPHERD, IN Poetry and Prose. A New Edition, ■ 
revised. With a Biographical Memoir, by the Rev. Thomas Thom- 
son. Illustrated by Thirty fine Engravings on steel. Two vols. 
super-royal 8vo, cloth extra, 3W. The volumes separately; 

Tales and Sketches, illustrated, i8j. 

Poetical Works, illustrated, 14J, 

Irving, Henry — The Works of Shakespeare. Edited 

by Henry Irving and Frank A. Marshall. With a General 
Introduction and Life of Shakespeare by Professor Dowden, 600 
Illustrations by GORDON Drowne and other Artists. Complete in 
8 vols, small 4to, cloth, gilt top (in sets only), ^4, 4j, netL Also in I 
half-morocco, Roxburgh, £,S nett. I 

Irving, Washington — Rip Van Winkle: A Legend 

of the HUDSON. By Washington Irving. With 48 Illus- 
trations by Gordon Browne, Small 4to, cloth, gilt lop, loj. bd. 

Irving, Washington — A Chronicle of the Conquest 

OF GRANADA, to which is added the Legend of the Conquest of 
Spain. By WASHINGTON iRvrNG, In 2 volumes, strongly bound 
in cloth, it. i4- each. 

Iamb, Charles — Tales from Shakspeare. Strongly 

bound in cloth, I.1, 4if,; cloth extra, with Illustration, is. 6d. 

Lobban, J. H. — English Essays. With an Introduction 
by J. H. LoBBAN, M.A. Crown 8vo, cloth, y. 6d. 

Macaulay. Lord— Essay on Addison. Edited by Chas. 
Sheldon, o.LiiL, m.a, b.Sc, Royal Academical Institution, Belfast. 
F'cap 8vo, cloth, zj. 

Mac Donald, George — A Rough Shaking, By George 
Mac Donald, With 12 page Illustrations by W. Parkinson. 
Crown 8vo, cloth elegant, olivine edges, 6s. 

Mac Donald, George — At the Back of the North 
WIND. By George MacDoi*a\.d, n^Vi^ t^ ^a-aaixasjjaaa b^ 
Arthur Hughes. Crown 8vo, c,\tAb. e\c^a.w., v ^^^^^h 
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Mac Donald, George — Ranald Bannerman's Boyhood. 

By George Mac Donald. With 36 Illustrations by Arthur 
Hughes. Crown 8vo, cloth elegant, $s. 

Macgeorge, a. — Flags: Some Account of their His- 
tory AND USES. By A. Macgeorge. Giving Notices of the 
Standards of the Leading Nations of Antiquity, of the Banners 
carried in the times of Chivalry, and of the Flags used by Sea and 
Land in Modem Times. Illustrated with 6 Coloured Plates and 
numerous Wood Engravings. 

Only a few copies of the large-paper edition, printed on hand-made 
paper, to be had. Cloth antique, gilt top, £1,$^' Small paper edition 
out of print. 

Marryat, Captain — The Children of the New 

FOREST. Strongly bound in cloth, is, 4//.; cloth extra, with 
Illustration, is, 6d, 

Marryat, Captain — Poor Jack. Strongly bound in cloth, 

IS. 4d.; cloth extra, with Illustration, is, 6d. 

Marryat, Captain — Settlers in Canada Strongly 

bound in cloth, is, 4//.; cloth extra, with Illustration, is. 6d. 

Marryat, Captain— Masterman Ready. Strongly bound 

in cloth, IS, 4d,; cloth extra, with Illustration, is. 6d. 

Martineau, Miss — Feats on the Fiord. Strongly bound 

in cloth, I J. 4^.; cloth extra, with Illustration, is, 6d, 

Mitford, Miss — Our Village. Strongly bound in cloth, 

IS. 4d,; cloth extra, with Illustration, is. 6d. 

Moore, F. Frankfort — Highways and High Seas: Cyril 

Harle/s Adventures on both. By F. Frankfort Moore. Illus- 
trated by Alfred Pearse. Crown 8vo, cloth elegant, 3^. 

Moore, F. Frankfort — Under Hatches: or, Ned Wood- 

thorpe's Adventures. By F. Frankfort Moore. With 6 page 
Illustrations by A. Forestier. Crown 8vo, cloxYv ^\ft.^ias>X^ '>^ 
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Nelson, Lord — The Life of Lord Nelson. By Robert 

SOUTHEY. Strongly bound in cloth, is, 4//.; cloth extra, with Illus- 
tration, IS, 6d, 

Parry, W. Edward — The Third Voyage for the Discovery 

of a North-west Passage in the years 1824 and 1825, with an account 
of the Esquimaux. Strongly bound in cloth, is, 4d,; cloth extra, 
with Illustration, is, 6d, 

Plutarch — The Lives of the Greek Heroes. Strongly 

bound in cloth, is. 4d,; cloth extra, with Illustration, is, 6d, 

PoE, Edgar Allan — Tales of Romance and Fantasy. 

By Edgar Allan Poe. With frontispiece. Crown 8vo, cloth 
extra, is, 6d, 

Ramsay - Crawford, W. — Common Words Commonly 

mispronounced. With hints on correct articulation. By W. 
Ramsay- Crawford. Crown 8vo, cloth, 2s, 

Read, Charles A. — The Cabinet of Irish Literature. 

See page 9. 

Scott, Sir Walter — The Talisman. Strongly bound in 

cloth, IS. 4d,; cloth extra, with Illustration, is. 6d, 

Scott, Sir Walter — The Downfall of Napoleon. 

Strongly bound in cloth, is. 4^.; cloth extra, with Illustration, 
IS, 6d, 

Scott, Sir Walter — Ivanhoe. In 2 volumes, strongly 

bound in cloth, is. 4d. each. 

Scott, Michael — Tom Cringle's Log. Strongly bound 

in cloth, Js. 4d.; cloth extra, with Illustration, is. 6d. 

Scott, Michael— Cruise of the Midge. Strongly bound 

in cloth, IS, 4d.; cloth extra, with Illustration, is. 6d. 
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School and Home Library. Carefully Edited. Clearl) 

Printed. Strongly bound in cloth. Crown 8vo, is. 4//. each. 



The Downfall of Napoleon. By Sir 
Walter Scott. 

"What Katy Did at School. 

The Log-Book of a Midshipman. 

Autobiographies of Boyhood. 

Holiday House. By Catherine Sinclair. 

Wreck of the " Wager ". 

What Katy Did. By Miss Coolidge. 

Miss Austen's Northanger Abbey. 

Miss Edgeworth's The Good Gover- 
ness. 

Martineau's Feats on the Fiord. 

Marry at's Poor Jack. 

Passages in the Life of a Galley- 
Slave. 

The Snowstorm. By Mrs. Gore. 

Life of Dampier. 

The Cruise of the Midge. M. Scott. 

Lives and Voyages of Drake and 
Cavendish. 

Edgeworth's Moral Tales. 

Irving's Conquest of Granada. 2 
Vols. 

Marryat's The Settlers in Canada. 

Scott's Ivanhoe. 2 Vols. 



Michael Scott's Tom Cringle's Log 
Goldsmith's Vicar of Wakefield. 
White's Natural History of Sel 

BORNE. 

Cooper's The Pathfinder. 

The Lamplighter. By Miss Cummins 

Old Curiosity Shop. 2 Vols. 

Plutarch's Lives of Greek Heroes. 

Parry's Third Voyage. 

Cooper's Deerslayer. 

Miss Alcott's Little Women. 

Marryat's Masterman Ready. 

Scott's The Talisman. 

The Basket of Flowers. 

Miss Mitford's Our Village. 

Marryat's Children of the Nev\ 
Forest. 

Autobiography of Benjamin Frank- 
lin. 

Lamb's Tales from Shakspeare. 

Dana's Two Years before thb 
Mast. 

Southey's Life of Nelson. 

Waterton's Wanderings, 

Anson's Voyage Round the World. 



Shakespeare, William — ^The Warwick Shakespeare 

Edited in a Literary spirit by accomplished scholars. In course oj 
publication in single volumes. F*cap 8vo, cloth. 



As You Like It. Edited by J. C. Smith, b.a. 

js. 6d. 
Richard the Second. Edited by C. H. Her- 

FORD, Utt.D. Cloth, IS. 6d, 

Macbeth. Edited by Edmund K. Chambers, 

B.A. Cloth, IS. 

Julius Caesar. Edited by Arthur D.Innbs, 
m.a. Cloth, xs. 



Hamlet. Edited by E. K. Chambers, b.a. 

Cloth, IS. 6d. 
Twelfth Night. Edited by Arthur D. Innbs, 

M.A. Cloth, IS. 6d. 
Henry the Fifth, Edited by G. C Moori 

Smith, m.a. is. 6d. 
Richard the Third. Edited by Gborgi 

MaCDONALD, M.A. 



SnAKESTEAKE — INTRODUCTION TO SHAKESPEARE. B^; 
Professor DOWDEN, LittD., LL.D. IWusUaX^^. Ota^xs.'^N^^0i.^i.&.^ 
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IShakespeare, William — The Works of Shakespeare. J 

Edited by Henry Irving and Frank A. Marshall. With a I 
General Introduction and Life of Shakespeare by Professor Dowdcn. I 
600 Illustrations by Gordon Browne and other Anists. Complete ] 
in 8 vols., small 4to, cloth, gilt top (in sets only), ^4, 4J. nett Also 
in half-moroceo, Roxburgh, £s nelt 

Sinclair, Catherine — Holiday House. Strongly bound 

in cloth, If. 4<)E; cloth extra, with Illustration, is. dd. 

SouTHEY, Robert — The Life of Lord Nelson. Strongly 

bound in cloih, \s. ifi \ cloth extra, with Illustration, ] 

Swan, Annie S.— Warner's Chase: or, The Gentle Hi 
Crown 8vo, cloth, IJ-. 6rf.; paper covers, u. 

Swan, Annie S.— Climbing the Hili_ Crown 8vo, cloth, 

tj'. 6(£; paper covers, \t. 

Swan, Annie S. — Into the Haven. Crown 8vo, cloth, 

IJ. 6rf.; paper covers, \s. 

Vaughan, C. E. — Literary Criticism. With an Intro- 
duction by C. E. Vaughan, m.a. Crown 8vo, cloth, 3J. &i 

Warwick Library of English Literature, The. In 
crown 8vo volumes, cloth, y. 6d. each. General Editor — Professor 
C. H Hesford, L1H.D, Each volume in the present series will deal 
with the development in English literature of some special literary 
form, which will be illustrated by a series of representative speci- 
mens, slightly annotated, and preceded by a critical analytical intro- 
duction. 

H. MsBKoaiJ, tktQ., ProfMnor of EnBlish 
Lilerature .1 Univemly College, AbcirM- 
wylh^ General Editor of the Scrie*. 
Encliih Eawy*. With an Introdiurtion br J- 

H.LOBBAK,«.A.,AHi8lailtPror«Klr of Eng- 
lish Lhcnlun in Aberdeen Univcnily. 
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GENERAL LITERATURE— Cw^/Mia'. d 

Waterton, Charles — Wanderings in South America, ' 
THE UNITED STATES, and THE ANTILLES. By Charles 
Waterton. Strongly bound in cloth, u. 41/.; cloth extra, with Illus- 
tration, ij. 6rf. 

White, Gilbert— The Natural History of Selborne. 

Strongly bound in cloth, is. ^.i cloth extra, with Iliustration, is. bd. 
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CLASSICS. 

Brownrigg, C. E. — Latin Prose of the Silver Age: 
Selections. Edited by C. E. Brownrigg, m.a. With an Intro- 
duction by T. H. Warren, M.A., President of Magdalen College. 
Qoth, 41. M. 

Brownrigg, C. E. — A Classical Compendium. Being a 

Handbook of Greek and Latin Constructions, &c., for the Higher 
and Middle Forms in Schools, University Students, &c. By 
Charles E. Brownrigg, m.a., Magdalen College School. Crown 
8vo, cloth, 2j. 6d. 

Caesar. The Gallic War. Books I. 11. V. and VI. 

Edited, with Introduction, Notes, Vocabularies, &c., by JOHN 
Brown, B.A., Assistant to the Professor of Humanity in Glasgow 
University. Illustrated with authentic representations of Roman 
armour, soldiers, &c.; also plans of battles and a coloured map ot 
Caesar's campaigns. F'cap 8vo, cloth, ij. td. each, 

■jCaesar's Invasions of Britain. (Parts of Books IV. 
and V. of the Gallic War.) Edited by John Brown, b.a. F'cap 
8vo, cloth, \s. fid. 

Cicero. Stories from Cicero. With Introduction, 

Notes, and Vocabulary, by A. C. LiDDELL, M.A., Assistant Master in 
Nottingham High School. F'cap 8vo, cloth, u, 6d. 

Horace. The Historical and Political Odes of 

HORACE. Edited, with Historical Introduction, Notes, and Ap 
pendices, by Rev. A, J. CHURCH, m.a. Ctovra ?,no, Oio&.is.iid, 
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OvtD. Selections in Elegiac and Hexameter Verse. Edited, 
with Introduction, Notes, and Vocabulary, by A. H. ALLCROFT, «.*., 
Christ Church, Oxford. F'cap 8vo, cloth, is. 6d. 

Phaedrus. Selections from. Edited, with Introduction, 
Notes, Exercises, Vocabularies, &c., by S, E. WinbolT, b.a.. Assis- 
tant Master in Christ's Hospital; formerly Scholar of Corpus Christi 
College, Oxford. F'cap 8vo, cloth, w. 

Virgil's Aeneid. Book I. Edited, with Introduction, Out- 
line of Prosody, Notes, Exercises on the Hexameter, Vocabulary, ic, 
t by Rev. A. J. Church, m.a. F'cap 8vo, cloth, ii. 

VlRGiL. The Story of Aeneas, from the first six books 
of Virgil. Illustrated. By A. H. AllcrOft, m.a. F'cap 8vo, cloth, u, 

Xenophon's Anabasis. Book I. Edited, with Introduc- 
tion, Notes, an Appendix on Greek Constructions, and Vocabulary, 
by C. E. Brown RIGG, M.a., Chief Classical Master in Magdalen 
College School, Oxford. With coloured map, plans of battles, &C 
F'cap 8vo, cloth, u. 6d. 



SCIENTIFIC AND TECHNICAL UTERATURK 

Agriculturist's Calculator, The. A Series of Forty- 
five Tables for Land Measuring, Draining, Manuring, Planting, 
Weight of Hay and Cattle by Measurement, Building, &c. ; forming 
a complete Ready Reckoner for all engaged in Agriculture. l6th 
thousand. F'cap 8vo, bound, gs. 

Beszant, S. L. — Experimental Science as a Class 

SUBJECT: A Practical Handbook for Teachers. By R. LishmaN 
and S. L. Beszant, Head-leachers Bradford Higher Grade Board 
Schools. Crown 8vo, cloth, 2S. 6rf. 

Bernthsen, A.— a Text-Book of Organic Chemistry, 

By A. Bernthsen, Ph.D., formerly Professor of Chemistry in the 
I University of Heidelberg. Ttanslatei Vj CiYns-c.u "WCisf 
Ai^ anti Enlarged Edition. Crown &vo, c\Q'Cn, 1 s. td. 



\ 



\ 
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SCIENCE— a7«//««if^. 



Clark, D. Kinnear — A Manual of Rules, Tables, 

AND data, for Mechanical Engineers. Based on the most 
recent investigations. By Daniel Kinnear Clark, author of 
"Railway Machinery", &c. &c. Illustrated with numerous Dia- 
grams. Fourth Edition^ large 8vo (1000 pp.), cloth, i6j.; or half- 
bound, 2cxr. 

" The book supplies a want long felt by me- ** We regard the book as one which no me- 



chanical engineers. It constitutes the best vol- 
ume of reference we know." — The Engineer. 



chanical engineer in regular practice can afford 
to be without" — Engineering. 



Clark, D. Kinnear — The Steam Engine: A Treatise 

on Steam Engines and Boilers. By Daniel Kinnear Clark. 
Two vols., super-royal 8vo, cloth, 50J, nett. 

engines, there is no work that b comparable 
with Mr. Clark's. That he spares no pains to 
be exact is known to everybody who is ac- 
quainted with his writings, which have all gained 
acceptance as authoritative." — The Architect. 
' ' No engineer*slibrary is complete without The 
Steam Engine." — The New York Engineer. 



" In many respects it is quite unlike all other 
books on the steam engine. . . . Mr. Clark's 
book is an improvement on former works in 
arrangement, in concentration, in selection of 
subjects." — The Engineer. 

'* For inventors and all who desire to be ac- 
quainted with the most advanced types of steam 



Clark, Henry Edward— An Elementary Text-Book 

OF anatomy. By Henry Edward Clark, Member of the 
Royal College of Surgeons, Professor of Surgery in St. Mungo's 
College, Glasgow. Crown 8vo, cloth, 5^. 

Davis, A. — Elementary Physiology. By Professor 

Ainsworth Davis. With Appendix for Agricultural students. 
F'cap 8vo, cloth, 2s. 

Deschanel, a. Privat — Natural Philosophy. An Ele- 
mentary Treatise. By Professor A. Privat Deschanel, of 
Paris. Translated and Edited by J. D. Everett, d.cl, f.r.S., 
Professor of Natural Philosophy in Queen's College, Belfast TAir- 
teenth Edition^ revised and greatly extended. Medium 8vo, cloth, 
i8j.; also in Parts, limp cloth, 4^. dd. each. 

Part I. — Mechanics, Hydrostatics, &c. I Part IIL — Electricity and Magnetism. 



Part IL— Heat. I Part IV.— Sound and Light 



'* Thoroughness of treatment and lucidity of 
statement are the characteristics of this admir- 
able text-book, and Dr. Everett has shown much 
skill in the manner in which he has enlarged its 
scope in order to meet the actual requirements 



** In the new edition of DeschatuVs Natural 
Philosophy much new matter has been added. 
In fact, the book may be said to be a new one, 
and should hold its own against the newer text- 



of English students."'-The Speaker. \ Yicnswc;*— The Boofcwiau 
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DoBBiE, A. B. — Descriptive Geometry: including chap- 
ters on Plane Geometry and Graphic Arithmetic. By Alex. B. 
DOBBIE, B.Sc, Glasgow University. Crown 8vo, cloth, 2s. 

Draper, Charles H. — A Text-Book of Heat. By 

Charles H. Draper, b.a., D.ScLond.. Headmaster of the Boys' 
High School, Woolwich. Crown 8vo, cloth, 4^. 6il 

Draper, Charles H. — Light, Heat, and Sound. By 

Charles H. Draper, D.ScLond., Headmaster of the Woolwich High 
School F'cap 8vo, cloth, 2s. 

Dyer, Henry — Science Teaching in Schools. An 

Address by Henry Dyer, m.a., d.Sc Crown Svo, cloth, 2s. 

Everett, J. D.— Deschanel*s Natural Philosophy. 

See under " Deschand''. 

Everett, J. D. — Elementary Text-Book of Physics. 

Seventh Edition, F'cap Svo, cloth, 3^. 6d 

Everett, J. D. — Outlines of Natural Philosophy. By 

Professor J. D. Everett, d.cl., f.r.s. F'cap Svo, cloth, 4^. 

First Mathematical Course. Containing Arithmetic, 

Algebra, and Euclid. F'cap Svo, cloth, with Answers, 2s.; without 
Answers, is, gd,; Answers separate, 6d 

GuNN, Robert — The Arithmetic of Magnetism and 

electricity. By Robert Gunn, Science Lecturer, Glasgow 
School Board. F'cap Svo, cloth, 2s, 6d, 

Haig, T. a. — The Movements of Respiration and 

their innervation in the rabbit. By Max Marck- 
WALD, M.D. Translated by Thomas Arthur Haig. Illustrated. 
Super-royal Svo, cloth, loj. 

Harrison, W. J. — An Elementary Text-Book of Geo 

LOGY, By W. JEROME Harrison, f.g.s. F'cap Svo, cloth, 2s. 
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Harrison, W. J. — Elements of Metallurgy. By W. 

Jerome Harrison, f.g.s., and William J. Harrison. Fully Illus- 
trated. F'cap 8vo, cloth, zs. td. 

Harrison, W. J. — Earth-Knowledge. A Text-Book 
OF Physiography. By W. Jerome Harrison, f.g.s., and H. 
Rowland Wakefield, F'cap 8vo, cloth, Part I., Elementary, 21.; 
Part n., Advanced, 2J-. dd. 

Kerner, Anton — The Natural History of Plants, 

Their Form.s, Growth, Reproduction, and Distribution, 

Translated from the German of Anton Kerner von Makilaun, 

Professor of Botany in the University of Vienna. By F. W, Oliver, 

M.A., D.Sc. Quain Professor of Botany in University College, London, 

with the Assistance of Marian Busk, asc, and Mary Ewart, b.Sc. 

With about 1000 Original Woodcut Illustrations, and Sixteen Plates 

in Colours. In four half-volumes, imperial 8vo, cloth, 50J. nctt ; two 

volumes, doth, gilt top, 501. nett; two volumes, half-oiorocco, gilt 

edges, 63J. nett. 

Kerner's Natural History of Plants, now for the first time presented to 

English readers, is one of the gieHtest works on Botany ever issued from the press. Its 

province is the whole realm of Plant Life, and its purpose, as eonceiTed by the author, 

Professor Keener, of Vienna University, is toptovide "abooknotonlyforspe ' 

and scholars, but also for Ibe many". 

Datalled llluitrated Protpeqtus. with Author's Note to the English Editic 
will be sent on application. 

Knight, J. — Food and its Functions. A Text-Book 
FOR Students of Cookery. By James Knight, m.a., b.sc. 
Illustrated. Crown 8vo, cloth, is. (>d. 

TSHMAN, R.— Experimental Science as a Class Sub- 
ject r A Practical Handbook for Teachers. By R. LiSHMAN and 
S. L. Beszant, Head-teachers Bradford Higher Grade Board Schools. 
Crown 8vo, cloth, is. dd. 

\ Low, David Allan — An Elementary Text-Book of 

APPLIED MECHANICS. By David Allan Low (Whitwortli 

M.E. F'cap Bvo, cloth, 2j, 



\ 



r 
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M'GowAN. G. — A Text-Book of Organic Chemisti 
By A. HerNthsen, vb.\>.. formcriy Professor of Chemistry in the 
University of Heidelberg, Translated by GEORGE M'Gowan, ph.e. 
Ntvi and Enlarged Edition. Crown Svo, cloth, js. 6d. 

M'Gregor-Robertson, J. — An Elementary Text-Book 
OF VHySlQLOGH {Eiementftry and Advanced). By J. M'Gregor- 
Robertson, m.a., m.b., Lecturer in Physiology, Queen Margaret 
College. F'cap 3vo, cloth, 4J. 

Major, H. — The Teacher's Manual of Lessons in 

ELEMLNTARY SCIENCE. By H. Major, b.Sc, Inspector of 
Board Schools, Leicester. Crown Svo, cloth, y. bd. 

Mabckwald, Max — The Movements of Respiration 
AND THEIR INNERVATION IN THE RABBIT. By Max 
Marckwaud, M.D. Translated by THOMAS Arthur Haig. Illus- 
trated. Super-royal Bvo, cloth, lar. 

MuRCHfi, Vincent T. — Elementary Physiology. F'cap 

Svo, cloth, 21. 

Newlands, James — The Carpenter and Joiner's Assist- 
ant. By James Newlands, late Borough Engineer of Liverpool 
Being a Comprehensive Treatise, theoretical and practical, on the 
selection, preparation, and strength of Materials, and the mechanical 
principles of Framing, with their applications in Carpentry, Joinery, 
and Hand Railing, &c. New and Improved Edition. Illustrated 
by above loo engraved Plates, besides 700 figures in the text Super- 
royal 4to, half-morocco, £i, 15J. 

Joinery which >t all =ppr«ich« Ihi. Ld n«rit. . . 1 obtain and sludy i..'>-^«*a»,«' M^(^mi. 

Oliver, F. W. — The Natural History of Plants. 
See under " Kemer". 

Oliver, J. W. — The Student's Introductory Text- 
book OF SYSTEMATIC BOTANY. By J. W. Oliver, Lee 
turer in Botany at the Birm\nghatn W.vimc.\"^ii tctVmc:?! Schoti,: 
Crown Svo, cloth, 4J, bd. 
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Oliver, J. W. — Elementary Botany. By Joseph W. 

Oliver, Lecturer on BotaDy at the Birmingham Municipal Tech- 
nical School. F'cap 8vo, doth, is. 

Peddie, Alexander — The Practical Measurer. A 
Series of Tables for the use of Wood Merchants, Builders, Carpenters, 
Joiners, Sawyers, Plasterers, Painters, Glaziers, Masons, Bricklayers, 
&c. With a treatise on the Mensuration of Superficies and Solids. 
Illustrated with Diagrams and Examples. By Alexander Peddie. 
F'cap 8vo, bound, "js. bd. 

Peel, Robert — Elementary Text-Book of Coal Min- 
ing, By Robert Peel, Mining Engineer. With many Illustra- 
tions, and a Coloured Map of the Coal Fields. F'cap Svo, cloth, is. 6d. 

PiNKERTON, R. H. — Hydrostatics and Pneumatics. By 

R. H. PINKERTON, B.A., Balliol College, Oxford; Lecturer, Uni- 
versity College, Cardiff; Examiner, Glasgow University. Crown Svo, 
cloth, 4^. 6d. 

PiNKERTON, R. H. — Elementary Text-Book of Dyna- 
mics AND hydrostatics {Theoretical Mechanics, Elemen- 
tary and Advanced). By R. H. Pinkebton, B.A., Balliol College, 
Oxford ; Lecturer, University College, Cardiff. F'cap Svo, cloth, 3J-. bd. 

'inkerton, R. H. — Theoretical Mechanics. By R. H. 

PiNKERTON, B.A. (0»on.). F'cap Svo, cloth, is. 

Pouchet, F. a. — The Universe: or. The Infinitely 

Great and the Infinitely Little. A Sketch of Contrasts in 
Creation, and Marvels revealed and Explained by Natural Science. 
By F. A. Pouchet, m.d.. Illustrated by 273 Engravings on wood 
and 4 Coloured Pictures. Twelfth Edition. Medium Svo, cloth 
elegant, gilt edges, 7J. M.; also morocco antique, i6j. 

Sexton, A. H. — Elementary Inorganic Chemistry. 
Theoretical and Practical. With examples in Chemical Arith- 
metic. By Professor A. HtlMBOLDT SEXTON, F.R.S.E., F.l.C, F.CS, 

F'cap Svo, cloth, zs. dd. 
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Wakefield, H. Rowland — Earth-Knowledge. A Text- 
book OF Physiography. By W. Jerome Harrison, f.g.s., and 
H. Rowland Wakefield. F'cap 8vo, cloth, in two parts. Part I., 
Elementary, 2s.; Part II., Advanced, 2s. 6d, 

Wakefield, H. Rowland — Elementary Hygiene. By 

H . Rowland Wakefield, Science Demonstrator, Swansea School 
Board. F'cap 8vo, cloth, 2s. 

White, Charles A. — Magnetism and Electricity. By 

W. Jerome Harrison and Charles A. White. F'cap 8vo, cloth, 

2S, 

Wright, R. P.— Elementary Agriculture. By R P. 

Wright, Professor of Agriculture, Glasgow and West of Scotland 
Technical College. F'cap 8vo, cloth, is. 6d. 



MATHEMATICS. 



Algebra, Elementary. From Notation to Easy Quadratic 

Equations. F'cap 8vo, cloth, is. 6d. With Answers, cloth, 2s, 

Bayliss, R. Wyke — Preliminary Algebra. By R. Wyke 

Bayliss, B.A., Vice- Principal of the United Service Academy, South- 
sea, formerly Scholar and Prizeman of Peterhouse, Cambridge. F'cap 
8vo, cloth, IS, 

Euclid's Elements of Geometry. With Notes, Ex- 
amples, and Exercises. Arranged by A. E. Layng, m.a.. Head- 
master of Staflford Grammar School; formerly Scholar of Sydney 
Sussex College, Cambridge. BOOKS I. to VI., with XL, and Appen- 
dix ; and a wide selection of Examination Papers. Crown 8vo, 3^. 6d, 

Books I. to IV. in one vol., 2j. 6d. Book I., u.; II., 6d,i III., ij.; 
IV., 6d.\ V. and VI. together, is,; XL, is, 6d, 

key to Book I., 2s. 6d,; to complete Euclid, 5^. 

The system of arrangement allows enunciation, figure, and proof to be all in view 
together. Notes and Exercises are diredVy a.ppenAft^ \o XJaa v^csv^\>k^xi& vck >«kV&s3;v 
thejr refer. 
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Harvey, T. S. — Examination Arithmetic; Containing 

1200 Arithmetical Problems and Exercises (with Answers). Classified 
by T. S. Harvey. F'cap 8vo, cloth, 2s, KEY, containing the Pro- 
blems fully worked out, crown 8vo, cloth, 4^. td, 

"We have no hesitation in saying that of all I under our notice — and they are not a few — this 
the examination arithmetics which have come I is by far the best" — The Practical Teacher. 

Kerr, J. G. — Algebra. Up to and Including Pro- 
gressions AND Scales of Notation. For Schools, Science 
Qasses, Pupil-Teachers, Students, &c. By J. G. Kerr, M.A. F'cap 
8vo, cloth, 2 J. 6^. Without Answers, 2j. 

Knight, W. T. — Algebraic Factors. How to Find 

THEM AND HOW TO USE THEM; Enlarged Edition^ to which is 
added Factors in the Examination Room. By Dr. W. T. Knight. 
F'cap 8vo, cloth, 2J. KEY, 3^. dd. 

Knight, W. T. — Mathematical Wrinkles for Matricu- 
lation and other Exams. Consisting of Six Sets of London 
Matriculation Papers in Mathematics, with full Solutions. By Dr. 
W. T. Knight. F'cap 8vo, cloth, 2J. 6^/. 

Millar, W. J. — An Introduction to the Differential 

and integral calculus. With examples of appKcations 
to Mechanical Problems. By W. J. Millar, c.e. F'cap Svo, cloth, i j. dd, 

" Will be helpful to engineering and mechani- I the mathematical ability, for advancing further 
cal students who have not the time, nor perhaps I into the subject." — Academy. 

Pickering, E. T. — Mercantile Arithmetic for Com- 
mercial and Continuation Classes. By E. T. Pickering, Accountant 
to the Birmingham School Board, formerly Lecturer on Mercantile 
Arithmetic at the Birmingham and Midlands Institute. F'cap Svo, is, 6d, 



«<T* :» »KA»^..»ki... «.».^*:»»t «»j :« ♦»,- — Qf stocks and shares, foreign exchanges, and 

the metric system." — Glasgow Herald. 



It is thoroughly practical, and in the ex- 
planations there is no waste of words. The 
author is particularly lucid in his explanations 



Pinkerton, R. H. — Elementary Text-Book of Trigo- 
nometry. By R.H.PiNKERTON,B.A.(Oxon.). F'cap 8vo, cloth, 2J. 

**Aa excellent text-hook. The exposition \ Cot c\eajn\esa«cAl>^ns&2''— AtVtncRum. 
and demonstration of principles are remarkable \ 
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ART. 

DESIGN, ORNAMENT, AND PAINTING. 

Cartlidce, S. J. — Elementary Perspective Drawing, 

including the Projection oi Shadows and Reflections. By S. J. 

Cartlidce, F.R.HiEiS., Lecturer at the National Art Training 

Schools, South Kensington, Four Books, royal 410, U. each; or one 

voL, dotli, 5J. 

Books I. and It.— For Second Grade Examination of the Depart- 
ment. Book III.— Accidental Vanishing Points. Book 
IV.— Higher Peb.spective. 
Foster, Vere— Water-Colour Drawing-Books. New 

and Cheaper Editions. 

Landscape Paiktino fom Beoinhbks. First Stage. Tescbing the use of 
Sepia. Three Parts, 6<l. eacb; or one volume, doth, m. bd. 

Laxobcapb Painting ras Beginnsrs. Second Stage. Teaching iheuseof 
■even coloun. tn Four Parlg, &J. each; or one volume, cloth, v. 



Flowek Painting for Beoinners. Twelve Studies Iram Nature, with Lessons 

In Sketching and Colouring. In Four Parts, 6d. each; or one volume, -y. 
Simple Lessons in Makink Painting. In Four Ports, 61^. each; or ont 

volume, doth elegant, jj, 
SiupLE Lessons in Landscape Painting. Id Four Parts, 6d. each: or one 

volume, cloth deganl. y. 
Simple Lessons in Flower Painting, Four Pans, 6i. eadi; or onevolunio, 

cloth elegant, 31. 
Studibs of Trees. By J. Nekdham. In Eight Parts, 91*. each; or two 

volumes, clolb elegant, 41. each. 
BiiiTisi! Landscape and Coast SoiiEsy. In Four Parts, gd. each; or one 

volume, clolb elegant. 41. 

10 volume, cloth 

Lanuseer and Aniual Painting in England. By W. J. Loftie. In 
Four Parts, is. each; or one volume, elegantly bound, 61. 

Reynolds and Children's Pokthaiture in E.sgland. By W. J. Loftip, 

In Four Pans, 11. each; or one volume, doth deganl, 6/. 
Advanced Studies in Floweh Painting. By Ada Hanbuby, In Four 

Parts, IJ. each; or one volume, cloth elt^ant, 6j, 
Sketches in Water-Colour s. By T. M. Richardson, R. P. Leitch. fte. 
la Four Paris, is, each; or one volume, clolb, 51. 
/itWtfTNATlNG.— Nine Examp\es in CQ\outa anft Go\& <S aa-i«,M. \\(jimiiiating of 
the best periods. By W. J Uinit, \ti Ycnn ¥ai\!„ <^, .asin-, w w«. 
volame, cloth elegant, 41. 
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.EiGHTON, John— Suggestions in Design: A Compre- 
hensive Series of Original Sketches in Various Styles of Ornament, 
arranged for application in the Decorative and Constructive Arts. 
By John Leighton, f.s.a. With Descriptive and Historical Letter- 
press by James K. Colling, f.r.lb.a. The Work comprises 102 
Plates, containing more than eleven hundred distinct and separate 
"suggestions", beside above 300 Explanatory Engravings inserted 
in the text. Royal 4to, cloth extra, £2^ 2s, 

OYNTER, E. J. — South Kensington Drawing-Book. 

This new series of Drawing-Books has been prepared under the 
direct superintendence of E. J. Poynter, r.a., who has selected the 
examples, and has chosen them for the most part from objects in 
the South Kensington Museum. The original Drawings have been 
made under Mr. Poynter's supervision by Pupils of the National Art 
Training School. 

REEHAND DRAWING. Each Book has fine Cartridge Paper 
to draw on. 

Freehand Drawing for Children. Familiar Objects, Tools, Toys, Games, 
&c. Four Books, ^d. each; or one volume, cloth, zs, 6d, 

Freehand Elementary Design. Simple Forms, Leaves, and Flowers. Two 
Books, 4^. each; or one volimie, cloth, 2j. 

Freehand First Grade. Simple Objects, Ornament (Flat and Perspective). 
Six Books, 4^?. each; or one volume, cloth, 3^. 

Freehand First Grade — Plants. Six Books, 4^/. each; or one volume, 
cloth, y. 

Freehand Second Grade. Ornament (Greek, Renaissance, &c.). Four 
Books, IS. each; or one volume, cloth, 5^. 

THE SAME SUBJECTS ON CARDS. 

Freehand Elementary Cards, ... Four packets, price ^. each. 
Freehand First Grade Cards, ... Six ,, u. orf. each. 

Freehand First Grade— Plants Cards, Six ,, u. orf. each. 

Freehand Second Grade Cards, ... Four ,, is. 6d. each 

\i,EMENTARY HUMAN FIGURE. Four Books, 6rf, ea.cK\ ot 

one volume, cloth, jj. 



AKT— Continued. 

Human Figure, Advanced. Three Books, zs. each; or 
one volume, cloth, %s. 6d. 

Figures from the Cartoons of Raphael; Twelve 

Studies of Draped Figures. Drawn direct from the Originals in tie 
South Kensington Museum. With Descriptive Text and Paper for 
Copying. Four Books, imperial 4to, 2S. each; or one volume, cloth, 
los. bd. 

Turner, J. M. W. — A Selection from the Liber 
STUDIORUM of J. M. W. TURNER, R.A., for Artists, Art 
Students, and Amateurs. A Drawing-Book suggested by the MTitings 
of Mr. RuskJn. With Introduction, Historical and Critical Notes. 
Containing ninety-two carefully printed illustrations, including four 
reproductions In mezzotint, and seven of the rare unpublished Plates. 
In Four Parts, square folio (17 ■■ 13 inches), laj. 6rf. each, or in hand- 
some cloth Portfolio, £2, 12s. 6d. 



RELIGIOUS AND DEVOTIONAL WORKS, 
Barr, John — The Bible Reader's Assistant: Being a 

Complete Index and Concise Dictionarj' of the Holy Bible. By the 
Rev. John Babr. A New Edition, revised by the Rev. M. G. 
Easton, D.D, Crown 8vo, cloth, is. 6rf. 

L Barr, John — A Catechism for Young Communicants. 

Designed to assist them in forming Scriptural views of the Lord's 
Supper. By the Rev. John Barr. iBmo, sewed, 4/1^ 

Bible, The Imperial Family. Elegantly printed in lai^t 
type. With many thousand Critical, Explanatory, and Practical 
Notes; also References, Readings, Chronological Tables, and Indexes 
Illustrated by a series of 50 Engravings highly finished on steel 
from the works of the Old Masters, &c. Imperial 410, 
flexible, plain, ^6, loj.; gilt tooled, £7. Without the Plates, i 
Hexible, plain, ^j, 51.-, gWt WoVed, Ci, 'V- ^d. 

"It is a noUe and beautiful edition o( iVn \ ■MiatcffiaWii^tMi'wAMK.w^it.-, 
Sacred VobimB. No cop/ has ever been pU^i \ — Ari^™""''- 
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RELIGIOUS VfOKlL^— Continued. 



IBLE — The Pew and Study Bible. With very full 

Marginal References and Readings; also an Introduction to each 
Book, and numerous Notes, Explanatory and Critical, by the Rev. 
J. L. Porter, d.d., ll.d. Small 4to, morocco, 21^.; cape, 14?.; cloth, 
8j. With Illustrations, morocco, 26^.; cape, 19^.; cloth, 13^. 

iROWN's Self-Interpreting Bible. With Introduction, 

Marginal References, and Explanatory Notes ; and several thousand 
additional Notes explaining difficult Texts, and reconciling seeming 
contradictions. By the Rev. Henry Cooke, d.d., ll.d. New 
Edition, re-edited, with considerable Additions, by the Rev. J. L. 
Porter, d.d., ll.d. Illustrated by Forty-seven Plates finely en- 
graved on steel. Royal 4to, fuU morocco, gilt edges, £/^ 4?. 

•'amily Worship: Devotional Services for every Morning 
and Evening throughout the Year, adapted to the purposes of Do- 
mestic Worship; Prayers for particular occasions, and Prayers suitable 
for Children, &c. By above Two Hundred Evangelical Minis- 
ters. With 500 Selected Hymns. Illustrated by many fine Engrav- 
ings on steel. Royal 4to, cloth, gilt edges, 30J. 

Iassell, Joseph — Scripture Biography and its Teach- 
ings. For the use of Sunday-school Teachers and other Religious 
Instructors. By Joseph Hassell. Crown 8vo, cloth, 2s, 

JNDSAY, Thomas M. — Commentaries for Bible-Classes 

AND senior sabbath SCHOLARS. By Thomas M. 
Lindsay, d.d.. Professor of Divinity, Free Church College, Glasgow. 
With Introduction, Maps, and Notes. F'cap 8vo, paper cover, 4//.; 
cloth boards, 7d, each. 

The Gospel according to St. Mark. 

The Acts of the Apostles. Chapters I. to Xll. 

The Acts of the Apostles. Chapters XIII. to XXVIII. 

The Gospel according to St. Luke. Chapters I. to XII. 

The Gospel according to St. Luke. Chapters XIII. to XXIV. 

"These Commentaries are all that could be I "A series that should be obtained by every 
■sired for Bibie-classes and senior Sabbath I teacliexo{Scn^t\tt«NiVtiCEk!a*'aL^a?j <st%ii%^^ 
hoiars,"^Prfsi!yteriaHMesstMgir, \ school."— Tcackerj Aid. 



Blackie Sf Sarfs Pvblicalions. 



PSALMODY. 

The Psalter, a Revised Edition of the Scottish Metrical 
Version of the Psalms, with Additional P sal m-Vers ions. Prepared and 
published by the authority of the General Assembly of Ihe Presbj> 
lerian Church in Ireland. The Tunes selected by a Committee ot 
thai Church, and the Harmonjes revised by Sir Robert Prescott 
Stewart, Mus.D. of Dublin University. 



LIST OF EDITIONS 
REVISED PSALTER 

DEMV jzmo. Diamond Type 

J. 4. 
Paper cover, - - - o aji 
Cloth limp, cut flush, - o 3 
ROVAL 3imo. Minion Type. 
Cloth limp, cut flush, -06 
Ooth boards, red edges, ■ o 8 
Ooth boards, gilt edges, - o to 
Paste grain morocco, limp, 

gilt edges, . - - 1 2 
Paste grain morocco, limp, 

round comers, red-gold 

edges, roll gold, - - ' 9 
Paste grain morocco, limp, 

flap edge, - - -19 



WITH PRICES OF THE 
AND PARAPHRASES. 
FCAP 8vo. Smallpica Edilioi 

Qoth boards, white edges, - i 
Paste grain morocco, limp, 

gilt edges, - . ■ 1 
Paste grain mor., limp, round 
corners, red -gold edges, 
roU gold, ■ - ■ 3 

DEMY 8vo. Pulpit Edition. 
Cloth Boards, - - .3 
Paste grain morocco, limp, 

gilt edges, - - - fi 
Morocco boards, gilt edges, 



EDITIONS WITH MUSIC. Crown Bvo sue. 
Can hi had both with STAFF ami Sol-Fa Notation. With the Ttm 



□oth boards, red edges, gilt lettered. 
Paste grain morocco, limp, gilt edges, 
Cape morocco boards, gilt edges, - 



ri7NES AND CHANTS. Stays ot ?,s)\,Yh. O.Qlii\Yn-..j,-\a. , 



Blackie &• Son's Publications. 



SELECTION OF BOOKS FOR YOUNG PEOPLK 

Armstrong, Frances — A Fair Claimant. Being ' 
Story for Girls. With 8 page Illustrations by Gertrude 1 
Hammond. Crown 8vo, cloth elegant, olivine ed 

Church, A. J.— Two Thousand Years Ago: or, The." 
Adventures of a Roman Boy. With 12 page Illustrations by Adrien 
Marie. Crown 3vo, cloth elegant, olivine edges, ts. 



«n,=l).=n 



The I andt1iercisa»DiidErfulfreshiicssmthERDii 
:ftil, I agenesandcharacKts."— ri«M. 



COLLINGWOOD, HARRY — ThE PIRATE ISLAND: A Story of 
the South Pacific. With 8 page Pictures by C. J. Staniland and 
J. R. Wells. Crown 8vo, cloth elegant, olivine edges, jj. 

^nioti'lfc amho/'Ls''sLpoior^ii some KBpcctB | ClKte RuMel'l°"— /".(iViw' "" "^ '■ 

COLLINGWOOD, HARRY — THE LOG OF THE "FLYING FiSH": 
A Story of Aerial and Submarine Peril and Adventure. With 6 p 
Illustrations by GORDON BROWNE. Cloth, 3.1. 6d. 

;oLi-iNGwoOD, Harry — The Missing Merchantman. \ 
With 6 page Illustrations by W. H. OvEREND. Cloth, 3^. 

toLLiNGWOOD, Harry— The Rover's Secret: A Tale of 1 

the Pirate Cays and Lagoons of Cuba. With 6 page Illustrations by | 
W. C. SVMONS. Crown 8vo, cloth elegant, y. 

CoRKRAN, Alice — Meg's Friend. With 6 page Illustra- 
tions by Robert Fowler. Crown 8vo, cloih extra, y. kd. 

CoRKRAN, Alice— Margery Merton's Girlhood. 'With 

6 page Illustrations by GORDON BROWNE. Crown 8vo, cloth extra, 
y.bd. 



t"Th«bonll stands out JheiU frixctfr h gem appears to be a solid realily, ll is indeed m ^B 
tttbe Brat water, bearing upon evory puge Ihe | Litlle Filgtixn's EtDtits*."— Chi-UtiiiJi l.ta*Wi,^H 



CoRKRAN, Alice — Down the Snow Stairs: or, From ■ 

Good-night to Cood-moming. With 60 Character Illustrations by 
Gordon Browne, Crown 8vo, cloth, y. 6rf. 



Alitmriim. siniplicii 



, woalil bt worth whU« tv 
'iiglcMi'heig 



Ump«»d llulta ia ■ bitin oiK w>od7 it w 
BBtd fHily be <urv bf httiruif >uch m 4weef . md 
•nOiuiring ttoryjuThAtof HUdafiiBvi 



Blackie &* Senis PmiUcalioMS, 

't>EBENHAM, MARV H. — THE WHISPERING WiNDS, and 
the Tales that they Told. With 25 Illustrations by Paul HaROK 
Crown 8vo, cloth elegant, zr. 6rf. 

HattporcvtpoxelhxluuhairKigiiod. Hn 
hcriiapuule; but there »snadDubl thiir ElvK 

Dennv, J. K. H.— The Clever Miss Follett. With a 

page Illustrations by Gertrude D. Hammond. Cloth, 6s. 

Leighton, Robert — Olaf the Glorious: A Historical 
Story of the Viking Age. With 8 page Illustrations by Ralph 
Peacock, and a Map. Crown 8vo, cloth, 55. 

" li fripKKf u anything of the kbid we hnvc r iturdy EDgluti type few wiU take a higher pda 
n wit], Riiter Haggard and fiariDg-GouLd." docripcinni <ti iight% Hn quiUz Homoit"— 
' Among the bcKfki beit Liked bjr boyi of the | 

Leighton, Robert— The Wreck of the "Goldek 



Leighton, Robert — The Thirsty Sword: A Story of the 

Norse Invasion of Scotland (1262-63). With 8 page Illustrations bj 
Alfred PEarce, and a Map. Cloth extra, Sj. 

Leighton, Robert— The Pilots of Pomona: A Story 

of the Orkney Islands, With 8 page Illustrations by J. Leiguton, 
and a Map. Crown Svo, cloth elegant, JJ. 

Mulholland, Rosa — Banshee Castle. With 12 page 

Illustrations by John H.Bacon. Crown 8vo, cloth, 6j. 



"It told vrith grace, and brighlened hy a I MuU 
]DKiwleilBeoflrithfblk-W,iiukri{^itapcriecI The 



MulhnUand's man 

■" ■ .f the tale 1 



st the moat laiciiutiiig of Mils 



Mulholland, Rosa — Giannetta: A Girl's Story of Herself. 

With 8 page Illustrations by Lockhart Bogle. Cloth, 5j-. 



g, and, as all good v 



tn-hearted, [ dayi bre, largely touched 
men nowa- | of Wiaiuly. "—/•*( ,4eaJ 



A Comflete Illmtraied Catalogue of Books suitable for Presentation., 
Gifts, and Prizes, ■will be sent post free on application. 

LONDON: BLACKIE & SON, Limited, ^o OLD BAILEY, E.Cf 

GLASGOVJ Sl ■d\jsus. ^M 
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